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ABSTRACT
Regulatory dispersion models normally require meteorological da ta  to function. In 
many situations the needed data  are not available and must be collected (for a 
period of a year or more) before air quality modelling can begin. Prognostic 
mesoscale models have the ability to construct meteorological fields in areas where 
little or no observations exist. The Regional Atmospheric Mesoscale Model 
(RAMS), using a fine grid spacing of 1 km, was used to simulate meteorological 
da ta  for use with the CALPUFF dispersion model in near field analysis. Three 
five-day periods of moderate to high SO2  concentrations in a small area surrounding 
Prince George B.C. in 1999 were used to test model performance.
The research demonstrates th a t RAMS was able to simulate the valley type fiow 
around Prince George reasonably well when using only the National Centers for 
Environmental Prediction (NCEP) coarse gridded datasets for initialization. 
CALPUFF Dispersion estimates using the RAMS fields were as good or better than 
estimates determined using the data  from three surface and one upper-air 
meteorological stations within the test domain.
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1. Introduction
The amount of industrial activity and its proximity to residential development make 
air pollution a concern in Prince George (e.g. Ministry of Environment, 2001). 
Prince George is situated in and around the Fraser valley a t the confluence of the 
Nechako and Fraser rivers. The valley at this location widens into an area locally 
referred to as the ‘bowl’. The steep sides of the river valley shape the wind flow 
around the city and provide shelter from the regional winds which occur over the 
plateau at higher elevations. When certain meteorological conditions develop, 
pollutants em itted into the airshed become trapped in the valley leading to poor air 
quality (ibid.).
Air pollution monitoring has been instrum ental in managing industrial emissions in 
the past. The use of dispersion modelling has been limited however, since most 
regulatory models (those accepted by governments and used to aid decision making) 
rely on simplifying assumptions th a t can lead to unrealistic predictions, especially in 
regions w ithout uniform topography (e.g. Scire and Robe, 1997). These models 
assume steady conditions and apply just a single wind vector to the entire modelling 
domain (e.g. Godfrey and Glarkson, 1998). Some newer dispersion models being 
proposed for regulatory use now have the ability to better represent conditions in 
areas of complex terrain. The CALPUFF (California Puff Model) modelling system 
is one such model. By accounting for spatial variability in the meteorological fields, 
CALPUFF can model more sophisticated circulations such as fumigation, slope 
flows and stagnation (Scire et al, 1999a).
The CALPUFF system has a meteorological model component called CALMFT 
(California Meteorological Model) th a t is able to incorporate topographical features 
and upper air conditions in addition to the surface winds from several sites when
creating its wind fields. The CALPUFF model is currently being evaluated by the 
United States Environmental Protection Agency (ERA) and other bodies for its 
potential to realistically model conditions in areas of complex terrain (e.g. U.S. 
EPA, 1999).
W ith the ability of the newer dispersion models to utilize more comprehensive 
meteorological data, the dispersion modelling community has expressed interest in 
the possibility of using mesoscale model fields to increase the accuracy of dispersion 
predictions, especially in areas where a scarcity of meteorological observations exists 
(Robe and Scire, 1998). A mesoscale model, by solving the governing atmospheric 
equations a t regular time intervals, is able to resolve both regional and (by 
telescoping to  smaller areas) local circulations (Pielke et al, 1992).
The Regional Atmospheric Modeling System (RAMS) is a mesoscale model ideally 
suited for this purpose. The RAMS user has direct control over many of the 
schemes and param eterizations used to model the atmosphere (Cox et al, 1998a). 
W ith little or no local data, RAMS is able to produce modelled meteorological fields 
th a t a dispersion model such as CALPUFF could use in place of observations.
The purpose of this study is to test the effectiveness of using RAMS with the 
CALPUFF system to model dispersion in complex terrain where little or no 
meteorological da ta  are available.
1.0.1. Research Objectives 
The question of whether the merger of RAMS and CALPUFF provides effective 
dispersion modelling in the Prince George airshed is broken into 2 separate parts to 
facilitate a greater understanding of the successes or failures of the modelling 
scheme. The two reseach objectives are:
• To assess the use of RAMS fields in producing high quality CALMET 
meteorological fields.
•  To assess the use of RAMS fields leading to high quality CALPUFF pollutant 
concentration estimates.
2. Atm ospheric M odelling
2.1. Introduction
Historically there have been markedly different schemes used to model atmospheric 
circulations, with the approach taken depending mainly on the scale(s) of motion 
one hopes to resolve. The initial impetus behind atmospheric model development 
was the need to forecast the synoptic-scale (on the order of 10^ km) and mesoscale 
(on the order of 1 km) circulations th a t determine weather. The meteorological 
observations required to initialize a weather prediction model can be spaced 
thousands of kms apart, while still allowing enough information for the model to 
perform well. This type of atmospheric model is term ed ‘prognostic’, because of its 
ability to predict the state  of specific meteorological variables in the future.
W eather prediction with a prognostic model does not have to be overly concerned 
with smaller scale motion, such as the boundary layer scale (on the order of 10^ m). 
A prognostic model can derive a great saving of time by ignoring these smaller scale 
motions; the number of calculations required to advance the meteorological fields to 
a future state  is reasonable, as opposed to being computationally ‘expensive’ 
otherwise (Stull, 1995).
Dispersion modelling for regulatory purposes typically involves analyzing past 
meteorological conditions for periods up to a year. Accurately resolving smaller 
scale motions, particularly local winds at and near the earth ’s surface, is crucial in 
determining the dispersion of airborn pollutants (McQueen et al, 1995). Before 
using a modern dispersion model to conduct an air quality assessment of an area, 
data  (wind and atmospheric stability information) from several surface
meteorological stations in the area would have to be obtained. This could involve 
installing several meteorological stations, if none were present in the area. W ith the 
data  from these stations, the model interpolates and extrapolates the observations 
to yield the complete fields required at a given time. The dispersion model, or 
rather its component meteorological model, is termed ‘determ inistic’, since it 
doesn’t  have the ability, or need, to predict values in the future. Since each area has 
its own particular landscape features th a t uniquely modify the regional wind, recent 
meteorological models put the greatest emphasis on parameterizing the influence 
th a t complex terrain has on local flow (e.g. Scire et al, 1999b). The deterministic 
framework of these models allows for the construction of the meteorological fields 
with far fewer calculations than  a prognostic model would need. Dispersion models 
therefore are able to run on a simple personal computer, instead of the high 
performance computers typically used for prognostic models. The effectiveness of a 
dispersion model is linked to the number of meteorological stations available to use 
in an area of interest.
2.2. Prognostic (Mesoscale) Models
Although some prognostic models are designed to model a specific scale of flow, 
there are several mesoscale models in use th a t have the ability to model nearly all 
scales of motion. The Regional Atmospheric Modeling System (RAMS) is one such 
model (Pielke et al, 1992). Models such as RAMS are considered research models, 
because they have numerous optional physical algorithms. Each model is actually a 
system th a t incorporates many separate, stand-alone components th a t are models in 
themselves (e.g. Cox et al, 1998b). This ‘plug com patibility’ facilitates both 
usefulness in research, and ease of changing or adding model features.
Like all modern atmospheric models, prognostic models utilize a grid system to 
represent the section of atmosphere being studied. The grid points are located at 
regularly spaced intervals throughout the domain. Each grid point contains the
6average value of a variable for a volume of the surrounding air, or ‘grid cell’ (Stull, 
1995). The operator specifies what horizontal and vertical dimensions each grid cell 
is to have. The length of time a model run takes on a computer is strongly linked to 
the size of the domain being modelled, and the grid cell sizes within. The reason 
general circulation models (GCM ’s) are able to model atmospheric motions around 
the entire E arth  is because of their typically large grid cell volumes. The drawback 
in using large grid cells however is th a t smaller features in the atmosphere are not 
resolved.
To forecast what value certain meteorological variables will have a short time in the 
future, the equations describing atmospheric evolution must be integrated. These 
non-linear, partial-differential equations are based on dynamics, thermodynamics, 
mass continuity and conservation of variables such as moisture. The equations are 
not analytically solvable, and approximations must be used to determine solutions. 
While early forecasting techniques involved simplifying these equations in order to 
find exact analytical solutions, numerical methods such as finite differencing are 
now used. A finite differencing scheme approximates a differential equation with a 
set of algebraic difference equations for values of the tendencies of various field 
variables at each grid cell. The tendencies are determined by solving the difference 
equations. By extrapolating the tendencies ahead in time by a small increment, an 
estim ate for values in the next time interval are obtained. The process would then 
repeat for the next time step (e.g. Holton, 1979).
Mesoscale models such as RAMS solve the full set of equations (called the ‘primitive 
equations’) with very few restrictive simplifications (Cox et al, 1998a). These 
equations are supplemented with a selection of param eterizations for those processes 
th a t are able to influence atmospheric evolution at scales smaller than  the model is 
able to resolve. These include solar and terrestrial radiation, moist processes such as 
cloud development and precipitation, kinematic effects of terrain, cumulus 
convection, sensible and latent heat exchange between the atmosphere and the 
surface and turbulence. To acknowledge the considerable influence the surface can
have on the atmosphere, the surface itself is modelled with multiple soil layers, 
vegetation, snow cover, canopy air and surface water (Walko and Tremback, 1999).
Observational da ta  analysis is a large component of any atmospheric model. Raw 
da ta  needs to be processed before its use so th a t errors or problematic gradients do 
not lead to imbalanced numerical conditions (Stull, 1995). If observed winds are not 
in balance with the model tem perature and pressure fields th a t are used to 
determine the theoretical winds, numerical instability can result in the model 
‘blowing up ’ (producing nonsensical fields). It is therefore common for prognostic 
models to contain separate packages th a t perform the analysis (called ‘objective 
analysis’) required to assimilate meteorological observations to  the model grid. 
Commonly this is known as four dimensional da ta  assimilation (4DDA). The first 
three dimensions are spatial and the fourth dimension is time, since a model 
typically requires both an initial determ ination of the atmospheric variables from 
which to start, and boundary conditions to constrain the future numerical 
predictions at the grid boundaries. Because it is very common for a research 
mesoscale model like RAMS to be used to model time periods in the past, these 
boundary conditions usually are new observations assimilated to the model grid in 
the future of the model start. Since this analysis procedure involves smoothing and 
dynamic balancing of the available data, the produced fields can have values th a t 
differ from than  the actual values at the observation sites (Walko and Tremback, 
1999).
For the first stage of the data  analysis procedure, models such as RAMS and MM5 
usually access the global gridded datasets th a t are routinely produced by the 
National Meteorological Center (NMC) in the United States, or the European 
Center for Medium-range W eather Forecasting (ECMWF) which are archived and 
freely available through the internet. These datasets are typically defined on a 
global scale with a grid spacing of 2.5° latitude by 2.5° longitude on a set number of 
pressure levels in the vertical. These data  are accessed for the area being modelled, 
and are interpolated to the vertical coordinates of the model grid (e.g. Pielke et al,
81992). This information alone is enough to set up the initial conditions and the 
future boundary conditions for a model run. If radiosonde (which produces a 
vertical profile of the atmosphere) and surface station observations are available, 
they can be blended into the objective analysis fields by using weighted averaging. 
Once the initial condition fields and the boundary condition fields are generated, the 
model begins its run. The last task of the 4DDA system is to ensure th a t model 
predictions do not stray too far from the large-scale analyzed fields in the future of 
the start time. Typically, Newtonian relaxation (commonly known as ‘nudging’) is 
used to force model variables to approach the values of the objectively analyzed 
fields. Nudging adds an extra tendency term  to each prognostic equation, which 
pushes the predicted variable towards the available observation. In general, this is 
constructed as
dx
—  =  F{x) + N { x ,y , z , t )  {xo -  x), (2.1)
where x is the model variable, F is the model’s physics, N is the nudging weight 
function and xq is the observed value of the variable (Pielke et al, 1992). Nudging 
can occur at the lateral boundaries, the center, and the top of a model domain; with 
the influence of the function being set by the operator.
In instances where high model resolution is required, for example when smaller 
scales of motion need to be revealed, grid nesting can be used. A nested grid, with 
higher spatial resolution, occupies a region within the domain of its coarser ‘parent’ 
grid. Any number of nested grids may be used, with the only practical lim it being 
available computer memory. The use of nested grids greatly increases the number of 
calculations the computer must perform during a model run. This is because a 
smaller grid spacing necessitates a much smaller interval of time th a t the model is 
able to ‘step ahead’ when calculating future variable values. The model must take 
several smaller time steps in its calculations for a nested grid for every time step 
taken for its parent grid. Telescoping sequences are possible where parent grids are 
nested within coarser grids themselves. For RAMS, there is two-way communication 
of all prognostic variables between a nested grid and its immediate parent (Walko
9and Tremback, 1999). Fine grid values are averaged to replace the coarse grid value 
which they surround.
2.3. Dispersion Models 
Pasquill, in his ground-breaking article “The Estim ation of the Dispersion of 
W indborne M aterial” (1961) used fluctuation statistics to predict downwind 
concentrations of released materials. He also proposed a “practical system” th a t 
could be used when the necessary data  on the local wind fluctuations were not 
available. Since da ta  of this type and quality were not available (and still are not in 
many situations today), it was this practical system th a t received attention. 
Pasquill’s system allowed for the calculation of the crosswind and vertical spreading 
of the pollutant plume based on the stability of the atmosphere and downwind 
distance from the source (Turner, 1997). Pasquill’s work led to the development of 
practical dispersion models th a t could be tailored for use on a computer.
The classical treatm ent of dispersion involves a solution to the mass conservation 
equation (Wilson, 2000):
r ir
^  =  - V ( [ / C )  (2.2)
with U being the wind vector, and C the pollutant concentration. Although 
numerical techniques could be applied to solve this equation, early air quality 
models had to consider com putational resources, and so a rigourous approach 
wasn’t feasible. Equally as im portant, many terms th a t would arise from such an 
analysis could not practically be dealt with (Zannetti, 1981). B y assum ing a steady, 
homogeneous wind, a general solution can be developed for this equation. This 
solution is the well known Gaussian equation:
C(T,3/,z) =  — ^
iTxuayOz 2al
(2.3)
10
Here, Q is the pollutant emission rate. The pollutant is considered to be released as 
a continuous plume with characteristic standard deviations cry and th a t are 
dependent on atmospheric conditions. The variable u is the m agnitude of the wind 
vector. A variety of methods are used to determine the a values. Pasquill’s method, 
mentioned earlier, was the first such method, and is still commonly used today. 
Other methods utilize turbulence measurements (wind fluctuation) when available, 
or statistical profiling when not (Weil, 1985). The many different models th a t utilize 
the Gaussian equation (albeit in different forms) are collectively known as Gaussian 
Plume models since they trea t effluent in the fashion of a spreading plume.
Many atmospheric dispersion models are based on the Gaussian Plume model (Egan 
and Vaudo, 1985). Early Gaussian models were characterized by the way their most 
crucial components, a y and cr^  were treated. Although it was clearly recognized th a t 
these models had limitations, it was an approach th a t was accepted for several 
reasons. Understanding of turbulent dispersion was acknowledged as weak and so a 
mixture of theory and empirical structure seemed appropriate. Early experiments 
had shown th a t a continuous source produces a distribution th a t roughly follows a 
Gaussian shape, especially in the horizontal dimension. Finally, computers were not 
overly taxed, and the lack of inherent complexity allowed for confident 
generalization of model output. (Zannetti, 1981).
Early plume models, such as the Industrial Source Complex (ISC), have been useful 
for determining maximum ground level concentrations (GLC’s) of single, elevated 
sources. These models, because of their simplicity, needed very little input da ta  to 
operate. Surface wind measurements (e.g. airport wind measurements) and stability 
classification were sufficient. The surface wind speed would typically be extrapolated 
to the release height by using a power law profile of the wind. The influence 
topography has on wind was ignored, and the one wind vector was used throughout 
the modelling domain. ISC determined the concentration a t a large number of 
surface points (‘receptors’), often spaced in regular angular positions and distances 
from the source. Concentration values from 1 or 24 hour averaging times would then
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be analysed. Plume models were not expected to locate the actual maxima 
locations, because of the incomplete representation of the wind, but the magnitude 
of the modelled maxima could be reasonably accurate (Boubel et al, 1994).
Plume models are not able to represent tem porally and spatially changing 
conditions. To extend the applicability of the Gaussian approach, air quality 
researchers realized th a t existing models would have to be modified to treat 
non-stationary and non-homogeneous conditions (e.g. Zannetti, 1981). As well, 
early models assumed flat, smooth terrain. The influence of topography on 
dispersion could also not be ignored if greater model accuracy was desired. When 
dealing with irregular topography, the application of the standard Gaussian equation 
could only be expected to yield the upper limit of concentrations likely to occur 
(Turner, 1994). As an early attem pt to account for topography, the original ISC 
terrain algorithm simply removed all terrain features, or parts of features, th a t were 
higher than  the source height (Scire et al, 1999a). This effectively limited the use of 
the model to those areas where all receptors would be a t lower elevations than  the 
source(s). Later models were more refined, modelling the flow parallel to the terrain 
slope when the receptor was lower in elevation than  the source. When the receptor 
was higher, the flow would either go over the obstacle (ie hill), around it, or both. 
When a steep obstacle restricted horizontal dispersion, complete plume reflection 
was modelled, similar to the case of a plume impinging on the ground. Newer 
models have continued using this approach, although in a more rigourous fashion.
Modern Gaussian models contain quite an exotic mixture of analytical algorithms 
and empirical constructs. Because much work has been done with Gaussian models 
since their adoption by the U.S. Environmental Protection Agency (EPA), newer 
models allow the user to choose between different numerical or empirical schemes 
(e.g. Scire et al, 1999a). As early as 1975 (Ludwig et al, 1977), practical Gaussian 
models were being constructed th a t attem pted to deal with many of the early plume 
models’ shortcomings.
One of the early models, the Complex Terrain Dispersion Model (CTDM) uses a
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dividing streamline approach to deal with large obstacles. The flow is considered to 
be made up of two layers; the upper layer has enough energy to transport a fluid 
parcel over the obstacle, and the lower layer is confined to travel around the 
obstacle (Scire et al, 1999a). Each resolved obstacle in the domain is evaluated by 
determining the lowest height at which the kinetic energy of the incident flow just 
balances the potential energy th a t would be gained by lifting a fluid parcel to the 
top of the obstacle. Pollutant in the upper layer then experiences an altered rate of 
diffusion.
Dispersion models evolved into a system where the region of interest is divided into 
grid cells. A grid cell is a portion of the domain being modelled th a t has spatially 
uniform characteristics. Topographical height for example would be a constant 
value in a grid cell, based upon an averaging of the landscape within the cell. Each 
cell would have one value for the meteorological variables considered im portant (or 
available) for determining the dispersive ability of the atmosphere a t th a t time. 
Goodin et al (1980) described a terrain approach th a t was adopted by several 
models, including CALPUFF. The first step is to specify the region of interest and 
grid cell sizes. The procedure would then incorporate all surface and upper air da ta  
available, which are used to specify initial values for each grid cell. If little or no 
upper air da ta  are obtainable, the user has the option to construct velocity profiles, 
using some assumed distribution such as a power law, as input into the model. The 
wind velocity field would then get a final adjustm ent so th a t anomalous divergence 
is minimized. The surface wind field is created by interpolating and extrapolating 
the measured data  to the gridded domain. Typically, an inverse distance-squared 
weighting is used, so th a t an observation closer to a specific grid point gets greater 
consideration. Large terrain features (ie mountains) are simulated by utilizing 
barriers to flow during the interpolation procedure.
Early into the development of complex terrain schemes, their algorithms approached 
a size rivalling those of the dispersion models themselves. It has been common for 
several years now to have meteorological models as stand alone programs whose
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output can be directly incorporated into a dispersion model. CALMET is the 
meteorological model within the CALPUFF dispersion modelling system. A 
meteorological model such as CALM FT is considered “determ inistic” since it 
interprets and interpolates da ta  instead of predicting future values. The developers 
of these deterministic models however have claimed respectable performance when 
comparing wind fields with those generated by prognostic forecasting models (e.g. 
Robe and Scire, 1998). It is becoming more common for these meteorological 
models to possess the ability to accept gridded ‘d a ta ’ from the prognostic models for 
those conditions when very little local da ta  can be obtained (e.g. Scire et al, 1999b).
The development of 3-dimensional meteorological models such as CALM FT was a 
huge step towards extending the applicability of Gaussian diffusion models to 
non-stationary and non-homogeneous conditions. Dispersion models could now 
accept data  from more than  one location and more realistically represent dispersive 
conditions in different locations throughout the area being modelled. However, to 
benefit from the increased data  resolution, the pollutant could no longer be viewed 
as a continuous plume. In particular, the “segmented plume” scheme and the “puff” 
approach have been applied to pseudo-steady-state conditions. These two methods 
break up the plume into independent elements (segments or puffs) th a t are 
individually tracked through a tem porally and spatially varying meteorological held. 
W ithin the segment or puff, Gaussian statistics determine the concentration levels. 
Although the Gaussian equation is still applied, most modern regulatory models are 
considered “modihed Gaussian” because they use this disjointed approach (Yadav 
and Sharan, 1996).
Zannetti (1981) claims th a t the most obvious way of treating non-stationary 
conditions, in either effluent or meteorological conditions, while maintaining the 
Gaussian approach, is to represent the emission of pollutant with the puff method.
A puff is released each sub-interval, containing all of the mass em itted during th a t 
portion of time. By modelling a plume by a series of hctitious puffs, each having a ’s 
governed by Gaussian theory, a reasonable approximation of the physical problem is
14
obtained, while also allowing for changing conditions. Justification is given for this 
claim by the fact th a t puff models accurately reproduce plume model results under 
steady state conditions (Ludwig et al, 1977).
All puff models give considerable attention to puff spacing. Especially in the past, 
modellers had to consider the balance between accuracy and computer time; 
generating more puffs generally meant better representation, but also meant further 
taxing of computer resources. Early studies showed th a t individual puffs released 
from a source could not have their centerlines separated by more than  2ay without 
unacceptable error. Ludwig et al (1977) use
P
N  = u • — (2.4)
to determine the number of puffs to be generated (N) each time period. Here, puff 
generation is proportional to the wind speed at the source (u), with P being the 
period over which the puffs are generated, and d the minimum acceptable puff 
separation. The frequency of puff release increases during higher winds. To save on 
cpu time, puffs are either ‘purged’ or ‘merged’ when appropriate. A puff is purged 
when it either leaves the area of interest, or becomes so weak its contribution is 
negligible to receptor sites. Two puffs are merged when their separation distance is 
less than a critical value (typically one a). The merger produces one puff tha t 
contains all of the mass of the two, with a  values and center location determined by 
averaging.
Several puff models in use today follow the general method outlined above - 
CALPUFE being one. CALPUEE also has a ‘slug’ algorithm th a t the creators claim 
is effective a t dealing with weak wind conditions (Scire et al, 1999a); a serious 
shortcoming of the plume models (Harrison et al, 1990). A slug is essentially a 
larger puff th a t is stretched out in the along-wind direction. A slug can be 
considered a group of overlapping puffs, having very small separation distances.
Each slug is free to evolve independently in response to local conditions.
In contrast with the earlier Gaussian Plume models, puff models now have many 
choices or ‘switches’ th a t the user has to choose before operation. The setting of
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some switches depends on the prevailing meteorology; other switches however can 
be more difficult to decide upon. There are also interpolative param eters to be set 
th a t would differ depending on geographical location and availability of data. These 
choices are not as numerous and crucial as for a prognostic model such as RAMS, 
but still represent a serious consideration when analyzing results.
The fact th a t dispersion studies typically analyse a much longer time period than  a 
mesoscale model would be applied to (one year versus a week), has prevented air 
quality researchers from using a model such as RAMS in the past. Recently, 
increases in computer speed and capacity have made this problem far less 
significant. The United States’ Environmental Protection Agency (ERA) now 
considers the future of air quality modelling to involve the general acceptance and 
use of sophisticated mesoscale meteorological models (U.S. ERA, 1999). This 
m andate is reflected in newer models such as CALRUFF th a t are able to use 
mesoscale model output with little modification.
Some examples of the use of mesoscale model output in operating dispersion models 
can be found in the literature. However, Uliasz and Rielke (1998) claim th a t the 
dispersion modelling community is not taking sufficient advantage of mesoscale 
model fields. They are prim arily referring to the large-scale output fields th a t are 
readily and freely available from research groups within North America.
Recent dispersion studies have indicated th a t fine mesoscale model grid spacings 
must be small enough to properly resolve local topographical forcing. McQueen et 
al (1995), when researching the use of the RAMS model to support air quality 
forecasting in the Susquehanna River valley of Pennsylvania, determined th a t 
horizontal grid spacing must be 2.5 km or less to account for the influence of terrain 
in th a t area. Barna et al (2000) combined Mesoscale Model 5 (MM5) fields with the 
CALMET model to produce the meteorological fields needed for an ozone study of 
the Pacific Northwest (a region including Washington, Oregon and southern B.C.). 
Although obtaining relatively good agreement with observations, the authors noted 
th a t the 5 km spacing of the innermost MM5 model grid failed to capture all of the
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complexities of the wind patterns in some areas of the domain. O ther studies have 
found similar results (e.g. E arth  Tech, 2001).
There remains considerable interest in the modelling community of the possibility of 
using mesoscale model output to improve dispersion calculations. To date, studies 
involving this type of merger have been on regional rather than  local scales, 
necessitating innermost grid spacings of 2.5 km or greater. There is a need to apply 
this type of modelling to smaller scales to determine whether improvements are 
attainable and if application to regulatory modelling is feasible.
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3. M ethods
3.1. Overview
The use of the RAMS mesoscale model was investigated as a source for 
meteorological information required for the operation of the CALPUFF dispersion 
modelling system. RAMS was used to generate meteorological station ‘d a ta ’ 
throughout the modelling area. A 600 km^ domain including Prince George and its 
surrounding area was chosen in this study because it is an ideal testing ground for 
dispersion modelling. Prince George is situated in and around the confluence of the 
Nechako and Fraser Rivers. The Prince George bowl and adjacent river valleys 
constitute moderately complex terrain which suitably challenges modelling efforts. 
This area also possesses a significant network of meteorological and pollutant 
monitoring stations, providing the opportunity to thoroughly test model predictions 
from both CALMET and CALPUFF. SO2 was modelled since it has a limited 
number of point sources in the area th a t are relatively well-defined (e.g. M inistry of 
Environment, 2001).
The models were run over three five-day periods representative of the calm, 
stagnant conditions usually associated with air quality episodes in Prince George. 
All three periods occurred in 1999; this year was chosen because data  from six 
surface meteorological stations were available to use, a greater number than  in 
previous years. The locations of the University, Plaza, Prince George Pulp, Airport, 
Northwood and Glenview surface stations are shown in Figure A .I. Two of the 3 
periods chosen (during January and April) contained some of the highest 1-hour and 
24-hour concentration levels for the year, although for both  periods these levels were
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not high throughout all 5 days. The third period chosen was in June. These 5 days 
possessed calm conditions, but also some light precipitation. High concentrations 
were not experienced at 3 of the 4 SO2 monitoring locations (also shown in Figure 
A .l). There were no prolonged periods of high SO2 concentrations during 1999. 
RAMS, using NCEP fields for initialization, was used to simulate surface and upper 
air meteorological fields (most im portantly wind) th a t were treated  as if they were 
true observations in the operation of the CALMET meteorological model. The 
RAMS derived CALMET fields were then used to operate the CALPUFF dispersion 
model to predict SO2 concentrations during the three test intervals. Although there 
are other significant pollutants released into the Prince George region, SO2 was 
analysed because its sources are well understood, its potential chemical reactivity in 
a dry atmosphere is minimal over short time periods (D. Fudge, personal 
communication, 2001) and it is monitored at four sites within the airshed.
3.2. Grid Structure
3.2.1. RAMS
A domain with three nested grids was used for RAMS modelling (see Figure A.2), 
with each domain centered on Prince George. This scheme is intended to correctly 
capture the regional forcing as well as the smaller, local-scale features; both are 
significant in determining mesoscale circulation (McQueen et al, 1995). Table 3.1 
shows the extent and resolution of the three nested RAMS grids used in each model 
run.
Although the size and resolution of the three grids can be varied, the coarse grid 
must be large enough to resolve the significant synoptic features influencing regional 
flow, and the innermost grid must have fine enough resolution to adequately 
represent the effect local topography has on winds near the surface. Grid spacing of 
1 km was chosen for the smallest grid. The spacing for the coarser ‘parent’ domains
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G rid H o rizo n ta l N u m b er of N u m b er of T o ta l D om ain V ertica l V ertica l S tre tc h
S p ac in g  (km ) cells in  x cells in  y X a n d  y  (km ) S pacing  (m ) Levels F ac to r
1 16 100 100 1584 X 1584 25 40 1.14
2 4 50 50 196 X 196 25 40 1.14
3 1 62 62 61 X 61 25 40 1.14
Table 3.1 
RAMS Grid Sizes
were 4 km and 16 km, following advice indicated in the RAMS mannal (Walko and 
Tremback, 1999).
The number of vertical levels in the modelling domain, or height of each grid cell, 
can also be specified. Previous studies have shown th a t vertical spacing in a 
mesoscale model run must be 25 m or less near the surface in order to properly 
account for terrain forcing in complex topography (e.g. McQueen et al, 1995). 
Atmospheric variables become more homogeneous in layers further from the surface, 
therefore it is common practice to increase the vertical spacing of the grid cells at 
higher levels to save on computer time (e.g. Guan et al, 1997). Bossert and Poulos 
(1993) set their RAMS vertical grid spacing to 10 m at the surface for the steep 
terrain around Boulder Colorado. The Prince George region in comparison possesses 
moderately complex terrain, so 25 m spacing was chosen, along with a stretch factor 
th a t gradually increased this spacing with height above the surface. The top of each 
domain was at 19 km above sea level. See the RAMS control file in Appendix G.7 
for more details.
3.2.2. CALPUFF
Although CALPUFF has the capability to model regional scales, the Prince George 
bowl and surrounding area was the focus of this study. This is prim arily because all 
monitoring da ta  available to test model output comes from locations near or within 
the city limits. A domain of 49 x 49 square grid cells, with a horizontal spacing of
20
500 m was used for all CALMET and CALPUFF runs. Each run also had 8 vertical 
levels, spaced closer together near the surface, up to a maximum height of 3500 m 
(see CALM FT/ CALPUFF control files in Appendix C.8 and C.9). Levels above this 
height are not im portant to the eventual SO2 calculations, because they are in the 
free atmosphere and to a large extent do not interact with the levels below (Stull, 
1995). A dataset with averaged topographical heights for each grid cell was used to 
represent the terrain. Figure A .l displays the CA LM FT/CA LPU FF domain, with 
topography, and the locations of the meteorological and air quality monitoring 
stations. The locations of the significant SO2 sources are also shown.
3.3. Model Initialization
3.3.1. RAMS
In this study, RAMS was used for both its analysis and forecasting abilities. RAMS 
objectively analyses meteorological data  into gridded values for each of its three 
domains and uses these periodic fields to guide or ‘nudge’ its predictions. RAMS 
has the ability to combine several meteorological da ta  sets in its da ta  analysis 
procedure (Walko and Tremback, 1999). The prim ary input for this model is the 
global gridded datasets constructed from a state-of-the-art analysis/ forecast system 
th a t assimilates surface and upper air observations from around the world. The 
gridded fields used in this study originate from the NCFP (National Centers for 
Environmental Prediction) Reanalysis project, and are provided by the 
NOAA-CIRFS Climate Diagnosis Center, Boulder Colorado USA, from their web 
site at http://w w w .cdc.noaa.gov. The resolution of these datasets is quite coarse, 
with a horizontal spacing of 2.5° latitude by 2.5° longitude and 17 pressure levels 
from 1000 hPa to  10 hPa. Averaged meteorological variables are present for each 
grid cell in a four times daily format, representative of instantaneous values at the 
reference time. Although separate surface and radiosonde da ta  can be blended with
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these fields during RAMS initialization, the use of the NCEP fields alone was the 
focus of this work (thus simulating data-sparse conditions). As a RAMS run 
progresses from its starting time, its forecasts are nudged towards these analysed 
fields.
RAMS also requires the surface characteristics of each nested domain to be 
determined before a run commences. Each grid must establish the topographical 
heights, sea surface tem peratures (if applicable), soil type, soil moisture, vegetation 
and roughness for each cell. The information required for this procedure is typically 
obtained from datasets available from the Atmospheric Meteorological and 
Environmental Technologies (ATMET) site at http://w w w .atm et.com  and was done 
so in this study. Although the user may acquire separate, idealized or higher 
resolution da ta  sets to use in their stead, only the insertion of a separate 
topographic data  set was investigated in this study.
All mesoscale models have options related to the type of da ta  th a t is available for 
ingestion. Because RAMS is more of a research model than many others, it also has 
numerous optional physical algorithms th a t must be considered before commencing 
a run (Cox et al, 1998b). In addition, several param eters th a t influence RAMS 
calculations need to be set. The choices used in this research were influenced by 
previous modelling studies of a similar nature in the literature and anecdotal 
remarks from other RAMS users. Once the model settings were decided upon, the 
same configuration was used for each of the three periods. The RAMS initialization 
file used to begin a run is shown in Appendix C.7.
The ‘REVU’ utility, included with the RAMS package, was used to extract the 
modelled variables for use with the CALMET meteorological model. REVU allows 
the user to extract all information normally found in a radiosonde profile; a C"^ "^  
program was w ritten th a t used these modelled variables to construct high resolution 
vertical soundings in a format CALMET readily accepts. These modelled soundings 
were constructed at 13 selected locations throughout the Prince George area. The 
profiles were generated every two hours throughout the 5 day study periods,
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although CALMET has the ability to accept data  every hour. Having RAMS 
generate output fields every two hours already necessitated a significant amount of 
data  storage and seriously taxed the computer facilities available.
3.3.2. CALPUFF
For meteorological input, CALMET requires hourly values of wind speed, wind 
direction, cloud cover, ceiling height, surface pressure and relative humidity from 
one surface station, and a vertical profile of wind speed, wind direction, 
tem perature, pressure and height twice daily from one upper air station. These data  
are routinely observed by MSC (Meteorological Service of Canada) surface and 
upper air stations. Prince George has both an MSC surface and upper air station 
(Airport and ZXS respectively, see Figure A .l) within its airshed. CALMET allows 
missing values of tem perature, cloud cover, ceiling height, surface pressure and 
relative humidity for a surface station as long as these values are available from at 
least one surface station each hour (Scire et al, 1999b). This allowed the 
tem perature and wind data  from one or more of the five non-MSC surface stations 
within the modelling domain to be utilized. The Northwood, Prince George Pulp, 
Plaza and Glenview stations are operated by the British Columbia M inistry of 
Water, Land and Air Protection (formerly the M inistry of Environment, Lands and 
Parks) and University is managed by the Atmospheric Science Group a t the 
University of Northern British Columbia. The locations of the 5 non-MSC stations 
are also shown in Figure A .l. CALMET perm its any number of surface and /or 
upper air stations in or near the domain; and upper air da ta  can be as frequent as 
every hour, as previously mentioned.
As with RAMS, CALMET also requires geophysical data  for each grid cell; terrain 
elevation and land-use category must be provided and other param eters are 
optional. Surface roughness, albedo, Bowen ratio, soil heat flux and vegetation leaf 
area index all have default values dependent on the land-use category of each grid
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cell (Scire et al, 1999b). The intent of this study was to test the CALPUFF system 
as it is commonly used in practice; therefore elevation and land-use category were 
the only param eters specified for the domain.
There are a considerable number of switches the operator needs to set for both of 
the CALMET and CALPUFF modules. Most however have default settings and 
these were chosen for many of the options. In situations where no default settings 
were available, or where default settings were found to be inappropriate, test case 
settings were used. Test case settings are those th a t were used by the model’s 
developers when testing the model in different regions. Correspondence with other 
CALPUFF users, and with one of the model’s architects was also considered in 
making these decisions.
One significant setting to note is the ‘Kinematic Effects of Terrain’ option th a t was 
switched off for this work. This algorithm is meant to compute a terrain-forced 
vertical velocity through an analysis of divergence in the initially developed wind 
field. Although the default setting was to have this component activated, sensitivity 
tests showed th a t it periodically led to unrealistically high wind speeds at some 
station locations in Prince George. Evidence th a t this feature can lead to problems 
in some situations was confirmed by another CALMET user (D. Fudge, personal 
communication, 2000). This option was turned off, following the advice of Joe Scire, 
one of the model’s creators.
The three 5-day periods in 1999 th a t were previously discussed had significant SO2 
concentrations at one, some or all of the four monitoring sites in Prince George. For 
each period, three GALMET runs were conducted using the twice daily radiosonde 
profile at ZXS; the first with just the one MSC surface station (Airport), the second 
using three surface stations (University, A irport and Northwood) and the third 
utilizing all six available surface stations. These three configurations are intended to 
represent CALM ET’s performance when using the minimum amount of data 
required for a run, an amount typical of many modelling situations, and a “best 
case” situation where abnormally high data  resolution exists. They will be referred
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to as the “CALMET-1” , “CALMET-3” and “CALMET-6” models throughout the 
remainder of this thesis.
A CALMET run was also made for each of the 3 periods using the one required 
MSC surface station a t the airport and a number of RAMS generated surface and 
upper air stations throughout the domain. Although it was initially intended to use 
the full vertical profiles from RAMS at all 13 chosen locations, it was discovered 
th a t RAMS at times did not accurately model some of the im portant boundary 
layer features through the lowest levels in the valley (see Figure A.6). In particular, 
the shallow, strong inversions th a t commonly occur through the lowest 350 - 400 m 
above the surface in the bowl, although captured reasonably well on occasion, were 
at times represented as a deeper layer with more moderate stability. As well, the 
veering of wind with height (clockwise rotation of the wind vector) through the 
lowest 100 to 150 m was not realistic in some situations. Since SO2 is released at 
heights up to 60 m above the ground, and buoyancy commonly carries the plume 
higher, accurate determ ination of the winds at these heights is equally as im portant 
as those near the surface. It was determined th a t CALM ET’s optional statistical 
profiling method of estim ating the wind direction in layers above the surface would 
be more suitable in the bowl and valley areas. Therefore, as a common procedure 
for all three periods, RAMS fields were used to construct surface station da ta  at 13 
locations throughout the Prince George domain, and just one full vertical sounding 
at a location on a plateau out of the valley. Five of the constructed surface station 
sites were a t the same coordinates as the 5 non-MSC stations, while the remaining 8 
were placed to fill in the ‘gaps’ remaining in the domain. The solution described 
here likely did not address the problem with modelling stability. This modelling 
scenario will be referred to as the “RAMS-CALMET” model.
A CALPUFF dispersion run was then completed using the meteorological output 
from each of the four models for each period. When discussing dispersion model 
results, the model name “RAMS-CALMET” will refer to a CALPUFF run th a t uses 
the output from the RAMS-CALMET meteorological model. This same naming
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Figure 3.1. Flow chart showing the 4 CALPUFF modelling schemes
arrangement will be used with the other 3 CALMET configurations as well. A 
diagram illustrating the 4 modelling schemes is shown in Figure 3.1. As with 
CALMET, several CALPUFF switches had to be decided upon before commencing 
the dispersion runs. Again, default settings were used for most switches. Test case 
settings were used as guidance for those param eters w ithout default values. 
CALPUFF was more easily configured than CALMET and suitable dispersion 
model settings were chosen for the 4 CALMET cases. The initialization files for a 
CALMET and a CALPUFF run can be found in Appendix C.8 and C.9 
respectively. The same CALPUFF settings were used for each of the 4 
meteorological model configurations.
3.4. Analvsis
Both the modelling results of CALMET and CALPUFF were compared to 
observations. Because RAMS is a meteorological model, and five of the six surface 
meteorological stations can be used to validate modelled winds, more effort was 
spent in assessing CALM ET’s performance than  CA LPU FF’s. For surface winds, a 
Root Mean Square Vector Error (RMSVE) analysis was completed for each period.
26
Windrose diagrams were constructed for each station as well, to show the overall 
wind pattern  for both modelled and observed winds. CALPUFF SO2  predictions for 
a 1 hour averaging time were graphically compared to monitored values for each 
monitoring location. Twenty four hour average concentrations were also used in 
Mean Relative Error (MRE) calculations. D ata for the Gladstone location were not 
available for the April and June periods.
Difference or error measures, in particular the root mean square error (RMSE), are 
commonly used to evaluate modelled wind predictions (W illmott et al, 1985). The 
root mean square vector error (RMSVE), as described by Cox et al (1998b), was 
chosen to statistically assess surface wind modelling results. RMSVE is calculated 
by
(e”=. [« - +  (4 -  OT
where u and v are the east-west and north-south vector wind components, n  is the 
to ta l number of observations and the subscripts p and 0 denote predicted and 
observed values respectively. A lower score indicates better model performance. The 
five non-MSC station locations were used to  determine the RMSVE scores. An 
RMSVE value was calculated for RAMS-CALMET, CALMET-1 and CALMET-3 
every hour of each modelling period. An average value for each entire period was 
also calculated. This analysis was not performed on CALMET-6 since it used the 
da ta  from all 5 of the observation stations. The sco res for CALMET-3 are 
somewhat misleading, since two of the five surface stations (University and 
Northwood) were used as input da ta  to this model. Hence the RMSVE scores for 
CALMET-3 are favourably biased.
Mesoscale atmospheric models can provide an accurate depiction of the evolution of 
a weather producing system. It is not uncommon however for the modelled tim ing 
of systems to be different than  observed (e.g. McQueen et al, 1995). It should be 
expected th a t although RAMS may resolve local circulations accurately, a modelled 
feature could occur a t a different hour than when it occurred in real-time. The use
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of the highly averaged and smoothed NCEP initialization fields would contribute to 
this effect. Some of RAMS-CALMET error may be attributable to this time effect. 
One must also consider the fact th a t RAMS derived winds are instantaneous values 
every two hours, averaged through an entire layer (the first 25 m for surface winds). 
These modelled winds are different in nature than  the observed winds th a t are 
hourly averages at a specific height above the ground. CALMET modelled winds 
are based on the observed winds they receive as input, but they too are subject to 
layer averaging. In general however, CALMET-1 and CALMET-3 winds are more 
similar in nature to the observed winds than RAMS-CALMET winds are.
A qualitative assessment method was used in addition to the statistical RMSVE 
scoring. Windrose diagrams visually display wind direction and frequency for a 
specified period of time at a location. Observed or predicted winds are placed in one 
of 16 different directional categories, separated by 22.5 degree increments. The 
percentages of winds in each direction category are displayed in a format th a t also 
indicates wind speed. An analysis of these diagrams indicates the degree to which a 
model captured a significant feature of the observed wind flow, regardless of the 
actual hours it occurred over.
A more accurate determ ination of the surface wind field likely leads to a more 
accurate prediction of SOg concentrations. However, simulating the turbulent 
properties of the atmosphere is also a crucial component to dispersion modelling 
(Harrison et al, 1990). Winds at higher levels, and boundary layer characteristics 
can also have a large impact on model predictions, since they largely determine the 
turbulence fields. RAMS-CALMET, CALMET-1, CALMET-3, and CALMET-6 
meteorological output were used to run CALPUFF, each with identical model 
settings. To visually assess the dispersion results of the first three models, SOg 
concentrations at one hour sampling intervals were graphically compared to 
observed levels at each monitoring location. CALPUFF output derived from 
CALMET-6 fields was also used in this assessment as an indicator of model 
performance under ideal conditions.
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In practice, model validation commonly uses a 24-hour sampling interval (e.g. 
M inistry of Environment, 2000). A table of 24 h concentrations for each model at 
each monitoring location was used to qualitatively validate dispersion results (in 
addition to the one hour plots). A statistical measure of the accuracy of the 24-hour 
concentration values modelled at each monitoring location was conducted. This is a 
summary score showing how well a model determined the 24-hour concentration 
values at each site during a five day period. The “Mean Relative Error” (MRE), as 
described by Harrison et al (1990), was chosen for this measure. This param eter is 
defined as:
M R E (3.2)
^  i=i \[-f* +  Oi]J
where N  is the number of observations, P  refers to predicted values and O to 
observed values. A lower score (expressed as a decimal or a percentage) indicates 
higher model accuracy. This statistic can exaggerate error when concentration levels 
are near zero.
29
4. Results
4.1. Background
Of the six meteorological stations (see Figure A .l), Glenview is probably the most 
representative of the regional flow in the Prince George area. Being situated on a 
plateau outside of the Fraser Valley, Glenview station likely experiences little 
influence from terrain features (Ministry of Environment, 2000). This may be true 
to a certain extent for University station also; although it is situated on Cranbrook 
Hill, which likely has some influence on the winds in th a t general area. The Airport 
station is partially influenced by the valley. Figure A. 16 displays a windrose 
diagram for Glenview, Northwood, Prince George Pulp and Plaza for the entire year 
of 1999. Not surprisingly, the orientation and curvature of the Fraser valley appear 
to have an effect on wind direction for the three lower elevation stations. Notably, a 
higher frequency of northerly flow occurs for Northwood and Prince George Pulp 
and of both easterly and westerly for Plaza, as compared to  Glenview. The 
increased northerlies in the valley are likely due to a drainage effect where cold, 
denser air sinks and moves down the valley, typically at night. The higher frequency 
of east and west flow a t Plaza is mainly due to the curvature of the valley as it 
expands into the bowl area. Windrose diagrams for the year 1998 are very similar to 
these 1999 plots. In addition, the 1999 Annual Air Quality Report for Prince 
George shows th a t SO2 levels in the city core are strongly correlated to an easterly 
flow at Plaza during the same time frames (M inistry of Environment, 2001). The 
1998 Report shows a similar correlation. Given the location of the main SO2 sources 
(Figure A .l), it appears evident th a t a light northerly flow down the valley, steered
30
towards the west into town, is a precursor for high SO2 episodes in the city.
Plots of the NCEP fields over British Columbia were constructed for each of the 
three test cases (Figures A.3 to A. 12). 925 and 500 mb height contours are drawn, 
along with vector winds. These graphs give a general picture of the evolution of the 
synoptic scale flow during the three 5-day periods. Windrose diagrams were also 
plotted to show the overall pattern  of the observed and modelled surface winds at 
each meteorological station site within the Prince George Domain. An exception 
was made for the CALMET-3 model University and Northwood surface stations 
since data  from these stations were used as input for the model and therefore had 
windrose plots virtually identical to those observed at the two stations.
In the following analysis of modelling results, the first test period (January) will be 
discussed in detail, followed by shorter summaries of the other two periods.
4.2. Meteorological Results
4.2.1. W eather Evolution 
Figures A.3 to A.5 indicate the weather pattern  experienced in Prince George 
during January 28 to February 1. On January 28 an upper level ridge started  to 
develop over E.G. th a t intensified and then broke up by February 3. At lower 
elevations, a weak pressure gradient over the province developed into a broad ridge 
in the interior th a t weakened near the end of the period. Observations at local 
stations showed th a t the initial southerly flow weakened under the high pressure 
system and a light northerly flow developed in the valley. Radiosonde da ta  from 
ZXS (see Figure A.6a) revealed th a t an inversion developed during the evenings of 
January 30 and 31, inhibiting vertical mixing. As the upper ridge weakened, wind 
speeds increased and a more southerly flow was re-established.
The two observed inversions had maximum tem peratures aloft th a t were 7 °C 
higher than  at the surface. In both cases, these layers extended approximately 400
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m above the surface of the bowl, as indicated by the early morning sounding. Figure 
A.6a shows the observed vertical tem perature profile of the lowest kilometer above 
the surface of the bowl on January 31.
Figures A.7 to A.9 reveal th a t an upper level ridge also characterizes the April 
period, but to a greater extent than in the January case. High pressure at lower 
elevations led to calm winds in the Prince George region, with speeds less than  
those observed for January on average (Figures A.23 to A.27). A weak northerly 
flow occurred for a large portion of this 5 day span. Nocturnal inversions developed 
during April 15, 16 and 17, with greater stability than  was observed during the 
January episode. Figure A.6b shows the tem perature profile at 4 a.m. on April 16.
The June period contained a broad high pressure system th a t extended throughout 
British Columbia (Figures A .10 to A .12). The prominent upper ridge experienced 
for the January and April cases also developed in June, although not until the la tter 
half of the interval. Surface winds were very weak in the Prince George region, with 
speeds lower than  during the April case. The northerly valley flow observed during 
January and April did not develop during this period (Figures A.28 to A.32). These 
5 days differed from the previous two cases in th a t strong stability did not develop 
overnight and there was some light precipitation. Figure A.6c shows the observed 
tem perature profile a t 4 a.m. on June 11, which was similar to the other evenings of 
this period.
4.2.2. Upper Air Comparison
An example RAMS vertical tem perature profile was constructed for each 5-day 
period to compare with the corresponding ZXS profile (Figure A.6). CALMET-1, 
CALMET-3 and CALMET-6 each used radiosonde da ta  from ZXS in constructing 
their meteorological fields and therefore cannot use these vertical profiles to 
compare to. RAMS had difficulty modelling the Boundary Layer vertical 
tem perature gradient during the evenings for two of the three test cases. During the
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two evenings in January th a t had strong stability, RAMS modelled a stable layer 
extending 500 - 600 m above the surface of the valley, but with roughly an 
isothermal profile instead of an inversion. Model tem peratures above the boundary 
layer were a better representation of the observed sounding profiles.
During April, RAMS modelled an inversion during the evenings of the 16th and 
17th, bu t not of the same magnitude as observed. Temperatures aloft in the 
example RAMS profile are a maximum of approximately 4 °C higher than  at the 
surface of the bowl, but this tem perature difference in the observed profile is 10 °C. 
The RAMS tem perature soundings during the evenings of the June period were 
similar in lapse rate to those observed, but the surface tem peratures were at times 
significantly different.
4.2.3. Total W ind Comparison
The Root Mean Square Vector Error for modelled surface winds during the January 
case for RAMS-CALMET, CALMET-1 and CALMET-3 is shown in Figure A. 13. 
The CALMET-6 model is not discussed here, and is only used as a comparison for 
dispersion model results. The RMSVE profile for RAMS-CALMET shows large 
error during the beginning and ending of the period, when local wind speeds were 
higher and much smaller error during the weak northerly winds of the pollution 
episode (from hour 48 to 82). CALMET-1 shows an opposite pattern  and has much 
higher error than  RAMS-CALMET during the episode. Its error during the 
beginning of the period is substantially lower than  RAMS-CALMET. CALMET-3 
has less error than the other two models except during the interval from hour 48 to 
82, where its error is similar, but slightly higher, than RAMS-CALMET. 
CALMET-3 was more consistent than  the other two models in its error values 
throughout the five days.
Figure A .14 shows the RMSVE values for the April period. The RAMS-CALMET 
values do not follow a discernable pattern  during this period as they did for
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January. The higher observed wind speeds than  modelled during the first 24 hours 
may be responsible for some of the high error initially, but observed winds remained 
weak throughout the following four days. The CALMET-1 results do not display an 
obvious RMSVE pattern  either, and overall its error is slightly lower than 
RAMS-CALMET. CALMET-3 has error values consistently lower than  the other 
two models throughout the five days.
The RMSVE values for RAMS-CALMET in June are similar in magnitude to those 
in the April period (Figure A .15). The CALMET-1 values are similar to 
RAMS-CALMET on average, and for the first time CALMET-3 does not have error 
values clearly lower than  those of the other two models.
Table 4.1 shows a simple 5-day average for each model’s hourly RMSVE values for 
each of the three test cases. As indicated earlier, CALMET-3 values are favourably 
biased since da ta  from two of the observation sites used to calculate RMSVE were 
used as input to the model.
MODEL JANUARY APRIL JUNE
CALMET-1 1.19 0.78 0.85
CALMET-3 0.66 0.58 (L78
RAMS-CALMET 1.02 0.90 0.90
Table 4.1
Average model RMSVE (y )  for the three 5-day test cases
4.2.4. Windrose Comparison 
A windrose plot of observed and modelled winds was made for each of the five 
surface stations as a qualitative comparison. This comparison was performed to 
determine whether or not significant attributes of the observed wind flow were 
captured by a model, regardless of the time of occurrence. In analysing results, 
distinction was made between those stations within the valley and those outside the
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valley (at higher elevation).
4.2.4.1. January
Figures A .18 to A.22 show the windrose plots for the January period. 
RAMS-CALMET had reasonable success in predicting wind direction outside of the 
valley a t Glenview and University. Both modelled stations show a higher frequency 
of easterly flow than  observed, likely caused by the NCEP flelds (the fields th a t 
RAMS coarse grid values are nudged towards) having a similar pattern  (Figure 
A. 17). For observed winds less than  2 ms“ ,^ RAMS-CALMET was quite successful 
in its predictions, especially at University station. On the average, modelled wind 
speeds were lower than  observed.
CALMET-1 winds had high southerly and low northerly frequencies for Glenview 
and University. While this resulted in a reasonable prediction for University, it did 
not for Glenview. The significant northerly flow observed a t Glenview was not 
modelled. GALMET-3 winds matched the observed directions a t Glenview closely, 
with just the infrequent light winds from the east not modelled. Both GALMET-1 
and GALMET-3 had an average wind speed very close to th a t observed for the 
period.
For the three stations within the valley, RAMS-GALMET was successful in 
predicting wind direction. The valley’s influence on wind direction was obvious, as 
modelled winds at Northwood and Prince George Pulp were predominantly either 
northerly or southerly. At Northwood, the model predicted winds from the north at 
a high frequency; but not as often as observed. Southerly winds were predicted 
twice as often as observed. At the Prince George Pulp station, the steering effect of 
the valley produced more of a north-easterly and south-westerly flow than  was 
modelled. The observed winds at Plaza had a high frequency of easterlies, which 
was captured by the model. The low frequency of westerly winds was represented.
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but south-easterly winds were predicted th a t were not observed. In each case, 
RAMS-CALMET underpredicted wind speed more than  it did with the stations out 
of the valley. This underprediction was more prominent for the higher observed 
wind speeds near the start of the period.
CALMET-1 had a much higher frequency of southerly winds than  was observed at 
Northwood, and as a result missed most of the observed weak northerly flow. The 
same result occured at Prince George Pulp. CALMET-3 was better at this station, 
but still missed much of the northerly flow. It also modelled a significant easterly 
tendency th a t was not observed. CALMET-1 and CALMET-3 did not represent the 
frequent easterly winds observed at Plaza. Both models overpredicted wind speed in 
the valley, CALMET-1 to a higher degree.
These qualitative comparisons suggest th a t RAMS-CALMET captured the 
frequency of the dominant wind directions in the valley moreso than  the other two 
CALMET models. At higher elevations this was not the case. A weakness of the 
RAMS-CALMET model for this period was in its consistent under-prediction of 
wind speed. It was surprising th a t CALMET-3 didn’t perform better in its Prince 
George Pulp and Plaza station predictions, given th a t it used the observational data  
from the Northwood station, just a short distance up the valley, as input.
4.2.4.2. April
The windrose plots for the April period (A.23 to A.27) reveal th a t RAMS-CALMET 
did not capture surface wind direction as well as it did in January. The lack of 
northerly flow in the NCEP fields likely was the cause of RAMS modelling 
predominantly southerly flow outside of the valley (Figure A .17). However, due to 
the fact th a t these modelled regional winds were quite weak, RAMS was able to 
develop some of the observed northerly flow in the valley, likely due to the drainage 
effect. Both CALMET-1 and CALMET-3 were more successful during this period
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than  in January. Although CALMET-1 did not closely represent surface winds, 
these plots indicate it did a marginally better job than  RAMS-CALMET. 
CALMET-3 wind frequencies were significantly closer to observations than  those 
from the other two models at the Plaza, Prince George Pulp and Glenview stations.
4.2.4.3. June
The windrose plots for June (Figures A.28 to A.32) indicate th a t each model had 
trouble modelling the wind flow for this period. RAMS-CALMET modelled wind 
direction reasonably well a t higher elevations, but in the valley had a much higher 
frequency of southerly flow than  observed. This model again consistently 
under-predicted wind speed. The channelling effect of the valley was obvious in its 
plots for the lower elevation stations, whereas this wasn’t the case with the other 
two models. The windrose plots do not clearly indicate th a t any one model was 
better a t capturing surface circulation features than the others for this period.
4.2.5. Summary of Meteorological Results 
The channelling effect of the valley on the regional winds was captured quite well 
with the RAMS-CALMET model, even when it had considerable error in wind 
direction a t the higher elevation stations. The error in wind direction for this model 
was lower in general when the regional wind speeds were low. At these times, the 
local terrain would likely have a greater effect on wind direction, which RAMS was 
able to model. During these same intervals, CALMET-1 and to a lesser degree 
CALMET-3 generally had greater error. RAMS consistently modelled wind speeds 
lower than  observations indicated for each test case. This problem was likely the 
cause for much of RAMS-CALMET’s high RMSVE scores.
P art of the cause of the poor performance of both CALMET-1 and CALMET-3 
during the January period may be due to the A irport station data. The archived
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data  at this station are rounded to the nearest single digit, and the wind monitor 
tends to stall during calm winds. This resulted in a number of zero readings during 
stagnation periods. The Airport station registered a zero wind speed for a large 
portion of the weak northerly flow experienced during the January case. This would 
have some effect on CALMET-3 predictions at both Prince George Pulp and Plaza, 
and definitely would have a large impact on CALMET-1 predictions at all five 
stations. Although observed wind speeds at the 5 non-MSC stations were lower 
during the April and June intervals, zero readings at the airport were not as 
frequent.
Although the CALMET model itself has a slope flow algorithm, CALMET-1 and 
CALMET-3 did not represent much of the north-south valley flow observed 
throughout the 3 test periods. This was surprising for the CALMET-3 model, since 
it used da ta  from one of the valley stations as input.
4.3. Dispersion Results
4.3.1. Background
High pollutant concentrations are usually associated with low wind speeds and 
periods of high atmospheric stability (Stull, 1995). A surface high pressure system, 
with clear skies commonly brings these conditions to the Prince George area. The 
combination of low wind speeds, a northerly valley flow, and capping inversions at 
night can cause pollutant levels to increase both in the valley and a t higher 
elevations. However, the mechanisms responsible for high ground level 
concentrations can differ depending on receptor location. It has been well 
documented th a t the diurnal cycle of SO2 concentration at Plaza has a significant 
peak during the late morning. This behaviour is likely due to a process called 
fumigation. This process occurs when pollutant levels build up overnight a t higher 
levels in the atmosphere and are then brought back to ground level once daytime
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heating removes the inversion layer and mixing occurs (Ministry of Environment, 
2001). Sites a t higher elevations, such as the CBC location, instead develop higher 
concentrations as the atmospheric stability increases. The Jail site, at an 
intermediate elevation, would be subject to both these mechanisms.
4.3.2. Hourly Concentrations
4.3.2.1. January
All four monitoring locations indicated high levels of SO2 during the five day period 
in January (Figures A.33 to A.36). Concentrations a t Plaza and Gladstone had less 
variation than  at Jail and CBC, and were highest during the th ird  and fourth day 
(hours 48 to 96) when the overnight inversions created stagnant conditions in the 
valley. Levels at the two higher-elevation sites came in short bursts with high peak 
values. This pattern , commonly observed for these stations (M inistry of 
Environment, 2000), likely is caused by the pollutant plume impinging on the side 
of the valley, as it either turns westward or continues southward. Although 
Gladstone is further down the valley from the main sources than  the other three 
monitoring sites, concentrations there were just as high as at Plaza. This indicates 
th a t the northerly flow responsible for directing high levels of SO2 into the city may 
have continued following the valley, bringing higher levels further downstream.
The CALMET-6 configuration, used to represent the CALPUFF system when 
having ideal data  conditions, was successful at modelling SO2 levels a t three of the 
four monitoring sites, in general overpredicting levels by a small amount. At 
Gladstone however, this model seriously underpredicted concentrations for the 
period.
RAMS-CALMFT modelled peak values very close to those observed a t Plaza, with 
the highest levels indicated between 48 and 82 hours. At Jail and CBC, model
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estimates were higher than observations and higher than  the CALMET-6 
predictions. Especially at the Jail site, peak concentrations were consistently too 
high. In contrast, this model under-predicted levels at Gladstone throughout the 
five days. Only during the interval from 48 to 82 hours did modelled levels approach 
those observed at this station. In general, these results are not surprising, since 
RAMS-CALMET missed much of the north-easterly wind fiow observed a t Prince 
George Pulp in favour of northerlies. This likely caused a larger portion of the 
modelled plume to be carried over the valley wall than  steered into the bowl. The 
weaker stability regime modelled by RAMS during the strong, shallow inversions 
experienced on January 30 and 31 could also have been a cause of the lower 
modelled concentrations at Plaza and Gladstone.
CALMET-1 had reasonable success modelling levels at Plaza, Jail and CBC during 
the first 48 hours of the January period, but completely missed the levels th a t 
occurred between hours 48 and 82. This was a serious omission, since the highest 
observations occurred during these days. No appreciable concentrations were 
modelled a t Gladstone during any of the five days. The performance of CALMET-3 
was very similar, the notable difference being th a t estimates during the first 48 
hours were higher than  those of CALMET-1 a t Plaza and Jail.
Overall, the hourly concentration plots indicate the RAMS-CALMET model 
represented observed SOg levels better than  both CALMET-1 and CALMET-3 
during the 5 days in January. Accurately capturing the northerly valley fiow 
appeared to be a crucial component of modelling dispersion for this period. Because 
the modelled winds of CALMET-1 and CALMET-3 were lacking much of this 
northerly fiow, each performed poorly at all monitoring sites.
4.3.2.2. April
W ith the exception of the CBC site, observed SOg concentrations were lower during
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the April period than  in January (Figures A.37 to  A.40). D ata from the Gladstone 
station were not available during this period. Concentrations remained very low 
until the third day (at about 50 hours) at each of the three monitoring sites when 
strong, capping inversions caused levels to increase. Although peak values at Plaza 
were almost as high as those in January, levels did not remain high between these 
surges of higher concentration. This was somewhat surprising, since meteorological 
conditions appeared just as conducive to high SO2 levels as they did during the 
January case.
CALMET-6 did not perform as well as it did during the January episode. Although 
the model represented levels at Plaza reasonably well, it greatly over-predicted 
levels a t Jail all five days and at CBC for the 2nd day (hour 40 to 46 in particular). 
No high concentrations were modelled a t Gladstone until the last day, but 
monitoring da ta  were not available at this site for comparison during April.
RAMS-CALMET modelled some intervals of higher 1-hour SO2 levels a t Plaza, Jail 
and CBC during this period, but in several cases not a t the same times as when 
observed. This was expected, since the model did not represent wind direction in 
the valley as well as during January. This model did not predict significant 
concentrations at the Gladstone site. Similar to the January case, the lack of 
north-easterly fiow modelled at Prince George Pulp and the weaker stability 
indicated by RAMS likely are responsible for the lower than observed values at 
Plaza.
Both CALMET-1 and CALMET-3 generally underpredicted concentrations at the 
three operating sites during the first 80 hours but better represented observations at 
Plaza and Jail for the remaining 40. Both models indicated lower concentrations at 
Gladstone, but higher than  what RAMS-CALMET predicted.
4.3.2.3. June
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Although June had the lowest wind speeds of the three test intervals, it also had the 
lowest concentrations observed at the three operating monitoring locations (Figures 
A.41 to A.44). The atmospheric stability during this period was not as strong as 
during the other two intervals, likely one of the reasons the air quality was better. 
On several occasions during this period, each of CALMET-6, CALMET-3 and 
RAMS-CALMET over-predicted concentrations at the three monitoring sites. 
CALMET-1 did not show this characteristic. Qualitatively, RAMS-CALMET 
performed to a similar degree of accuracy as CALMET-6 for the three stations. 
However, this doesn’t indicate th a t RAMS-CALMET performed well, but instead 
th a t the CALPUEE model, in the configuration chosen for this research, generally 
has a tendency to overpredict concentrations during calm conditions.
Although CALMET-1 and CALMET-3 predicted SOg concentrations th a t were 
close to the observed levels in many situations, each greatly underpredicted values 
on occasion. RAMS-CALMET did not underpredict concentrations at Plaza for this 
period, likely because the RAMS generated soundings were a better match to the 
actual conditions for these five days (Figure A.6c). Ironically, although CALMET-1 
had less observational input than  CALMET-3 and CALMET-6, its predictions were 
closer to observations at the three monitoring sites.
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4.3.3. 24 Hour Concentrations 
Mean Relative Error scores were used to compare modelled 24-hour average 
concentration values at the monitoring sites. For the January period, this error 
calculation used 20 data  pairs; 5 24-hour concentrations for each of the 4 operating 
monitoring sites. For April and June, 15 da ta  pairs were used instead; since there 
were no observations at the Gladstone site (see Tables 1, 2 and 3 in Appendix B). 
Table 4.2 below shows the M RF scores for each 5-day period. A lower score 
indicates better performance. It was evident in performing these calculations th a t 
the tendency of the CALMFT-1 and CALMFT-3 models to seriously underpredict 
concentrations on occasion had a large impact on their scores.
CALMET-6 RAMS-CALMET CALMET-1 CALMET-3
January 61 % 67 % 99 % 98 %
April 71 % 68 % 97% 97 %
June 83 % 84 % 79 % 97 %
Table 4.2
Mean Relative Error (MRF) Scores for 24 Hour SO2 Concentrations during each
5-day Period
4.3.4. Dispersion Summary 
The hourly plots and the MRF scores indicate th a t the RAMS-CALMFT model 
performed better than  CALMFT-1 and CALMFT-3. RAMS-CALMFT tended to 
overpredict concentrations at the higher elevation stations of Jail and CBC and 
underpredict levels in the bowl at Plaza. However, the CALPUFF model appears to 
naturally over-predict concentrations when very light wind conditions exist, as 
indicated by the CALMFT-6 model during the June period.
There are two possible reasons for RAMS-CALMFT underpredicting concentrations 
in the bowl; the inability of the RAMS model to correctly capture the vertical
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tem perature profile for these cases and the tendency for this model to miss some of 
the easterly component of the flow as a northern wind is directed into town by the 
valley wall near the Prince George Pulp station. To determine the effect th a t the 
RAMS sounding had on dispersion estimates, a test run was initiated for the 
January period with the RAMS-CALMET model where the actual soundings at 
ZXS were used for the upper air da ta  needed by CALMET, instead of the RAMS 
generated profiles. The new fields generated were then used for a CALPUFF run. 
The results of this test produced 24 hour SO2 concentrations a t Plaza on January 
30 and 31 th a t were over 10 ^  (or about 50 %) higher than th a t predicted by the 
model initially (these figures are not included here). The concentrations at the other 
stations did not significantly change. This test was again performed for the April 
period, which resulted in a similar increase in the RAMS-CALMET concentrations 
of about 50 % for the Plaza values on April 17 and 18. As before, concentrations at 
the other (two) stations were not affected. These outcomes present clear evidence 
th a t the weaker stability regime modelled by RAMS was a m ajor cause of the 
RAMS-CALMET model underpredicting concentrations in the bowl area.
The CALMET-3 model, and more notably the CALMET-1 model, on occasion 
completely missed higher SO2 concentrations. The cause is almost certainly because 
of their meteorological models failing to capture the dominant north-south valley 
fiow during these intervals.
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5. Discussion and Conclusions
5.1. Discussion
The analysis conducted in this study indicates th a t the use of the RAMS fields with 
CALMET produced meteorological fields th a t were as good or better than  those 
from CALMET using one or three surface meteorological stations. Although the 
RMSVE values were high for RAMS-CALMET, it was able to model the wind 
direction in the valley reasonably well, especially at night. CALPUFF dispersion 
estimates made using the RAMS fields, although having errors, were more 
representative of observations than  those made with the one and three station 
CALMET fields. CALPUFF estimates made with 6-station CALMET fields clearly 
were better than  those made with the CALMET 1 and 3-station models, but only 
marginally better than  those made with the RAMS-CALMET fields.
5.1.1. Meteorological Fields
There was evidence th a t RAMS accounted for much of the influence of 
topographical heights on the regional winds. There were strong indications of 
channelling in the modelled winds a t Northwood and Prince George Pulp during 
each five day period. RAMS was able to develop the drainage type flow in the valley 
in each test case, even when modelled winds a t higher elevations were incorrect.
The CALMET model, using station data, had trouble developing these katabatic 
winds, at times even when the winds a t Northwood were used as input. The choice 
of switching off CALM ET’s problematic ‘kinematics’ algorithm may have influenced
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this in part, although this was a necessary step for the modelling exercise. It is 
likely th a t CALMET-3 would have performed better a t both its wind and SO2 
predictions if it had used the Plaza station winds as input instead of those from 
University. It appears from this study th a t CALMET needs the da ta  from at least 
two meteorological stations within the valley to accurately model surface winds in 
the Prince George airshed.
Surface wind speed predictions from RAMS were consistently too low, especially in 
the valley. This led to error in the wind fields produced by RAMS-CALMET. Other 
recent studies do not show a similar modelling effect. Lyons et al (1995), using 
RAMS initialized by both  the large scale NCEP datasets and available regional 
observations for dispersion modelling near Lake Michigan found the opposite - th a t 
predicted surface winds were higher in magnitude than  observations showed. Cox et 
al (1998) found this same general trend in all four prognostic models (including 
RAMS) they were analyzing. The low modelled wind speeds from RAMS may have 
been a result of using roughness lengths th a t were too high for portions of the 
Prince George domain. Roughness length is a param eter th a t quantifies the effect 
the landscape has on wind speeds near the surface (Stull, 1995). RAMS was set to 
internally calculate a roughness length for each grid cell in the domain using its 
standard datasets of topographical height and vegetation class a t 30 arc-second 
intervals of latitude and longitude. The option of constructing a separate file 
containing a roughness length for each grid cell was not used. Exercising this option 
for the fine model grid probably would result in roughness lengths more suitable for 
the grid cells within the valley portion of the domain. The use of a local 
meteorological station in addition to the NCEP fields in the initialization of RAMS 
likely would have improved the accuracy of its surface wind speed values. The 
RAMS version 4.3 does not have the capability of being initialized by station data 
alone, although earlier versions had this option. CALMET-1 and CALMET-3 
largely avoided any problem with surface wind speeds since their wind fields are a 
result of interpolation or extrapolation (with modifications) from observed wind
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speeds. However, this procedure had trouble modelling wind direction when 
observed wind speeds were very low; a problem RAMS-CALMET did not exhibit.
The use of the NCEP fields as the only meteorological input to the RAMS model 
led to two notable features in the modelled fields. The first was th a t some of the 
boundary layer characteristics were inaccurate during evenings of high stability. In 
particular, RAMS missed the proper strength of the inversion conditions th a t 
developed during the January and April periods. O ther modelling studies have 
shown similar problems accurately representing boundary layer features when using 
NCEP fields alone (e.g. Guan et al, 1997). Lyons et al (1995), using similar vertical 
spacing to th a t used in this study suggested th a t RAMS may have been unable to 
resolve shallow surface-based inversions during their modelling exercise. The second 
notable modelled feature was th a t the veering of wind direction with height in the 
valley was inaccurate at times. This may be linked to the difficulty RAMS had with 
modelling wind speeds.
During 2 of the 3 test periods, RAMS did not capture the strength of overnight 
inversions. Because the NCEP initialization da ta  does not have the resolution 
needed to articulate a shallow boundary layer, RAMS must develop this as it 
progresses through a run. This was a difficulty for the model. By not properly 
modelling the layer of colder air developing over the surface, boundary-layer 
pressure gradients and their effect on surface winds were under-represented. Pielke 
and Uliasz (1998) stressed the im portant role vegetation can have on the vertical 
structure of the Atmospheric Boundary Layer. RAMS determined the vegetation 
class for each grid cell from a 30 arc-second global dataset. Similarily to roughness 
lengths, vegetation class can be specified in a user-generated file and read by the 
model during initialization. Having the operator provide individual grid cell 
vegetation classes and roughness lengths for the innermost model grid might 
improve RAMS’ ability to model a shallow boundary layer for the Prince George 
domain. These could be interpreted from an aerial photo of the region.
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5.1.2. SO2 Concentrations
During several intervals RAMS-CALMET modelled SO2 concentrations th a t were 
more similar in pattern  to those predicted by CALMET-6 than  either CALMET-1 
or CALMET-3. However, CALMET-6 was not the most accurate model in each of 
the 5-day periods. This indicates th a t the three 5 day intervals used for comparisons 
may not have been long enough to constitute a reasonable test. The problem with 
RAMS-CALMET under-predicting wind speeds in the valley likely was a cause of 
this model predicting alarmingly high 1-hour concentrations on a few occassions.
But the fact th a t the CALMET-3 and CALMET-6 models also displayed this 
behaviour indicates th a t the CALPUFF dispersion algorithm, when applied to near 
calm conditions, generally over-predicts SO2 concentrations.
The RAMS-CALMET dispersion model was relatively successful when compared to 
CALMET-1 and CALMET-3. There were recurring troubles however. The problem 
with RAMS' tem perature profiles within 300 m of the surface caused CALPUFF to 
underpredict SO2 concentrations in the bowl during the January and April periods. 
Since fumigation is commonly responsible for higher concentrations developing in 
the valley, incorrectly modelling the strength of surface inversion conditions had a 
negative effect on CALPUFF modelling this type of circulation. RAMS was not able 
to  accurately model the north-easterly winds at Prince George Pulp th a t commonly 
occur as a northerly valley flow develops. W ith this circulation the downtown core 
is directly downstream of the major SO2 sources. This is probably a secondary 
cause of RAMS-CALMET underpredicting concentrations in the bowl during the 
January and April cases. By missing some of the influence the valley configuration 
has on wind direction, this model overpredicted SO2 levels a t Jail and CBC.
Mean Relative Error scores indicated th a t the RAMS-CALMET model was 
relatively successful at predicting 24-hour SO2 concentrations. The fact th a t the 
error associated with CALMET-1 was largely due to underpredicting these levels is 
a cause for concern, since dispersion models are commonly expected to indicate 
worst-case scenarios (e.g. Zannetti, 1981). This may constitute a serious flaw of the
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CALMET-1 model th a t is not represented by its MRE score. The MRE scores also 
showed th a t CALMET-3 was not significantly more accurate than  CALMET-1.
5.2. Conclusion
The results determined here show th a t RAMS is able to model episodic 
meteorological conditions in the Prince George domain without the use of local 
meteorological data. The focus of this work was to consider the feasibility of using 
mesoscale model fields in lieu of local observations in performing a dispersion 
modelling exercise. Although mesoscale models have been used in dispersion studies 
in many different areas, most of these studies have been on a regional scale looking 
a t areas of interest much larger than the one here. This exercise instead looked at 
conditions th a t a regulatory dispersion model would normally analyse. Comparisons 
have been made with recent mesoscale/ dispersion model combinations, with some 
commonalities identified. Further modelling needs to be done at the scale of this 
work before strong conclusions can be made.
This study supports the idea th a t a mesoscale model such as RAMS can be a useful 
tool in regulatory dispersion modelling, especially in areas where there is a scarcity 
of meteorological observations. The practitioner however must first become very 
familiar with the mesocale model, which represents a greater investment of time 
than  with a dispersion model. A drawback to using this approach is th a t the 
computer requirements are much more significant than  with a standard regulatory 
model. However, with the rapid advance of computer processing power, this 
problem is likely to diminish in the future.
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6. Recom m endations
It is probable th a t the RAMS modelling of boundary layer wind and tem perature 
can be improved if several features are considered. There are many param eters to 
set in model initialization, but those in particular th a t influence surface layer winds 
need to be assessed. Allowing the model to determine roughness and vegetation 
class from a global dataset may not constitute a reasonable representation of the 
urban/suburban mix for an area such as the one in this study. In addition, the 
problem modelling a shallow boundary layer indicates a need to either include 
meteorological station da ta  with the NCEP flelds, or to gain a clear understanding 
of what lim itations result from the use of the NCEP flelds alone. Longer study 
times also need to be considered, especially if the modelled fields are to be used 
with a dispersion model.
It would be useful to determine if the problems th a t RAMS had in modelling 
boundary layer characteristics are consistent with other mesoscale models. The 
application of other models such as MC2 (Mesoscale Community 2) or MM5 
(Mesoscale Model 5) to the same domain and tim e periods could provide additional 
insight to the potential lim itations of using mesoscale model fields in regulatory 
modelling.
Specifically, suggestions include:
•  Application of this method to a greater number of cases to strengthen the 
conclusions made in this research.
•  A RAMS sensitivity test, using the Prince George domain, of boundary layer 
features (especially winds) with surface roughness and vegetation classification.
This would include assigning individual values of these param eters to each grid cell.
•  Application of MC2 or MM5 to the Prince George domain with the intent of
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comparing output fields with RAMS.
• Application of this method to another area possessing both complex terrain and 
observation sites th a t can be used to test model fields. Results could be compared 
to this study to look for commonalities.
•  A study of the relationship between the size of the innermost domain of a 
mesoscale model and the representativeness of modelled features to local 
observations in areas of complex terrain.
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APPENDIX A
A.I. Modelling Domains and Features
N o te : To facilitate comparisons between the three modelling periods, figures are 
grouped together by type and not specifically in the order referenced.
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Figure A .I. Prince George dom ain for CALMET and CALPUFF modelling. 
Squares represent the surface met. stations, rectangle the upper air station, open 
circles the SO2 monitoring stations and closed circles the significant SO2 sources. 
Contours are terrain elevation in meters above sea level
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Figure A.2. Nested grids for RAMS runs. Each grid centered on Prince George
British Columbia.
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A.2. Regional Climatology for the Three Study Periods
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Figure A .3. 925 and 500 hPa height contours, showing vector winds. Beginning of
January period. Each chart centered on Prince George (54N, 122W ).
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Figure A .4. 925 and 500 hPa height contours, showing vector winds. M iddle of
January period. Each chart centered on Prince George (54N, 122W ).
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Figure A .5. 925 and 500 hPa height contours, showing vector winds. End of
January period. Each chart centered on Prince George (54N, 122W ).
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(a) V ertical T e m p e ra tu re  Profile, J a n u a ry  3 1 ,4  A.M. (b) V ertica l T e m p e ra tu re  Profile , April 1 6 ,4  A.M.
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Figure A.6. Observed and Modelled Boundary Layer Tem perature Soundings
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Figure A .7. 925 and 500 hPa height contours, showing vector winds. B eginning of
April period. Each chart centered on Prince George (54N, 122W ).
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Figure A .8. 925 and 500 hPa height contours, showing vector winds. M iddle of
April period. Each chart centered on Prince George (54N, 122W ).
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Figure A .9. 925 and 500 hPa height contours, showing vector winds. End of April
period. Each chart centered on Prince George (54N, 122W ).
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Figure A. 10. 925 and 500 hPa height contours, showing vector winds. Beginning of
June period. Each chart centered on Prince George (54N, 122W ).
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Figure A .11. 925 and 500 hPa height contours, showing vector winds. M iddle of
June period. Each chart centered on Prince George (54N, 122W ).
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Figure A. 12. 925 and 500 hPa height contours, showing vector winds. End of June
period. Each chart centered on Prince George (54N, 122W ).
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A 3. Root Mean Square Vector Error
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Figure A. 13. Root Mean Square Vector Error: modelled winds from observations at 
five surface stations, January 28 to February 1.
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Figure A. 14. Root Mean Square Vector Error: modelled winds from observations at
five surface stations, April 13 to 17.
73
I
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Figure A. 15. Root Mean Square Vector Error: modelled winds from observations at
five surface stations, June 8 to 12.
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A.4. Windrose Plots
N o te : Although the same wind speed categories are used for each plot, the
frequency rings are relative to the most frequent wind direction. Frequency 
percentiles, indicated on each ring, are not the same for every plot.
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Figure A. 16. Windrose diagrams showing wind direction for the year of 1999. Plaza, 
P.G. Pulp, Northwood and Glenview stations are shown.
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Figure A. 17. Windrose diagrams showing the surface winds for the six-hourly 
NCEP reanalysis fields for the region surrounding Prince George. The periods 
January 28 to February 1, April 14 to 18, and June 8 to 12 are shown.
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Figure A. 18. W indrose diagrams showing observed and m odelled winds at
G LEN VIEW  station  for the 5-day period Jannary 28 to  February 1, 1999.
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Figure A. 19. W indrose diagrams showing observed and m odelled winds at
NO RTH W O O D station  for the 5 day period January 28 to  February 1, 1999.
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Figure A .20. W indrose diagrams showing observed and m odelled winds at P.G.
PU L P station  for the 5 day period January 28 to  February 1, 1999.
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Figure A.21. Windrose diagrams showing observed and modelled winds at PLAZA 
station for the 5 day period January 28 to February 1, 1999.
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Figure A .22. W indrose diagrams showing observed and m odelled winds at
U N IV E R SITY  station  for the 5 day period January 28 to  February 1, 1999.
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Figure A .23. W indrose diagrams showing observed and m odelled winds at
G LEN VIEW  station  for the 5 day period April 13 to April 17, 1999.
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Figure A .24. W indrose diagrams showing observed and m odelled winds at
NO RTH W O O D station  for the 5 day period April 13 to April 17, 1999.
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Figure A .25. W indrose diagrams showing observed and m odelled winds at P.G.
PU L P station  for the 5 day period April 13 to April 17, 1999.
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Figure A .26. W indrose diagrams showing observed and m odelled winds at PLAZA
station  for the 5 day period April 13 to April 17, 1999.
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Figure A .27. W indrose diagrams showing observed and m odelled winds at
U N IV E R SIT Y  station  for the 5 day period April 13 to April 17, 1999.
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Figure A .28. W indrose diagrams showing observed and m odelled winds at
G LEN VIEW  station  for the 5 day period June 8 to June 12, 1999.
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Figure A .29. W indrose diagrams showing observed and m odelled winds at
NO RTH W O O D station  for the 5 day period June 8 to June 12, 1999.
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Figure A .30. W indrose diagrams showing observed and m odelled winds at P.G.
PU L P station  for the 5 day period Jnne 8 to June 12, 1999.
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Figure A .31. W indrose diagrams showing observed and m odelled winds at PLAZA
station  for the 5 day period June 8 to June 12, 1999.
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Figure A .32. W indrose diagrams showing observed and m odelled winds at
U N IV E R SIT Y  station  for the 5 day period June 8 to  June 12, 1999.
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A .5. Sulphur Dioxide Concentrations
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in January
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Figure A .33. M odelled SOg for P laza station, January 28 to  February 1.
RAM S-CALM ET, CALM ET-1 and CALM ET-3 values shown, w ith Observed and
CALM ET-6 concentrations shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in January
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Figure A .34. M odelled SOg for Jail station, January 28 to February 1.
RAM S-CALM ET, CALM ET-1 and CALM ET-3 values shown, w ith Observed and
CALM ET-6 concentrations shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in January
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Figure A .35. M odelled SO 2 for CBC station, January 28 to  February 1.
RAM S-CALM ET, CALM ET-1 and CALM ET-3 values, w ith Observed and
CALM ET-6 concentrations shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in January
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Figure A .36. M odelled SOg for G ladstone station, January 28 to February 1.
RAM S-CALM ET, CALM ET-1 and CALM ET-3 values, w ith Observed and
CALM ET-6 concentrations shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S-C A LM ET in April
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Figure A .37. M odelled SO 2 for P laza station, April 13 to 17. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Figure A .38. M odelled SO 2 for Jail station , April 13 to  17. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Figure A .39. M odelled SO 2  for CBC station, April 13 to  17. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Figure A.40. Modelled SO2 for Gladstone station, April 13 to 17. RAMS-CALMET, 
CALMET-1 and CALMET-3 values, with CALMET-6 concentrations shown in each 
graph for comparison. Observed concentrations were not available.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in June
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Figure A .41. M odelled SOg for P laza station, June 8 to 12. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in June
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Figure A .42. M odelled SO 2 for Jail station, June 8 to 12. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S -C A LM E T in June
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Figure A .43. M odelled SO 2 for CBC station, June 8 to 12. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith Observed and CALM ET-6 concentrations
shown in each graph for comparison.
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Sulphur Dioxide Concentrations from R A M S-C A LM ET in June
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Figure A .44. M odelled SOg for G ladstone station , June 8 to  12. RAM S-CALM ET,
CALM ET-1 and CALM ET-3 values, w ith CALM ET-6 concentrations shown in each
graph for comparison. Observed concentrations were not available.
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APPENDIX B
B.6 . 24-Hour SO9 Concentrations
106
DAY MODEL PLAZA JAIL CBC GLADSTONE
Jan 28 OBSERVED 9.3 7.4 8.2 8.2
Jan 28 CALMET-6 10.7 8.0 9.7 1.4
Jan 28 RAMS-CALMET 4.7 19.7 52.9 2.9
Jan 28 CALMET-1 2.2 25.7 4.2 5.9
Jan 28 CALMET-3 15.3 8.9 3.9 0.9
Jan 29 OBSERVED 3.2 39.2 21.9 34.0
Jan 29 CALMET-6 8.8 49.5 70.0 11.1
Jan 29 RAMS-CALMET 2.5 33.6 25.3 0.7
Jan 29 CALMET-1 6.9 37.3 39.6 3.7
Jan 29 CALMET-3 39.8 71.6 39.0 5.0
Jan 30 OBSERVED 48.6 28.4 49.5 50.3
Jan 30 CALMET-6 46.7 50.4 40.0 5.1
Jan 30 RAMS-CALMET 19.6 78.3 44.3 13.5
Jan 30 CALMET-1 1.5 0.2 0.1 0.1
Jan 30 CALMET-3 3.5 2.2 1.4 1.8
Jan 31 OBSERVED 48.7 7.6 7.6 27.0
Jan 31 CALMET-6 51.0 28.4 2.1 4.6
Jan 31 RAMS-CALMET 24.5 96.6 26.3 14.2
Jan 31 CALMET-1 1.3 0.8 0.6 0.0
Jan 31 CALMET-3 1.3 1.0 1.2 0.0
Feb 1 OBSERVED 8.1 13.4 1.7 12.3
Feb 1 CALMET-6 7.7 13.7 2.5 2.4
Feb 1 RAMS-CALMET 3.7 13.2 3.6 4.4
Feb 1 CALMET-1 2.5 19.6 7.3 4.1
Feb 1 CALMET-3 6.7 7.5 1.6 0.2
Table B .l
Observed and modelled 24 hour concentrations ( ^ )  a t the 4 monitoring locations,
January 28 to February 1.
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DAY MODEL PLAZA JAIL CBC GLADSTONE
Apr 13 OBSERVED 0.0 0.3 0.9 N /A
Apr 13 CALMET-6 0.0 0.3 1.0 0.0
Apr 13 RAMS-CALMET 0.0 0.3 1.1 0.0
Apr 13 CALMET-1 0.0 0.0 0.4 0.0
Apr 13 CALMET-3 0.0 0.0 0.0 0.0
Apr 14 OBSERVED 0.91 2.1 9.6 N /A
Apr 14 CALMET-6 12.6 54.3 70.1 1.7
Apr 14 RAMS-CALMET 0.3 6.3 2.8 2.0
Apr 14 CALMET-1 0.1 0.8 2.0 0.5
Apr 14 CALMET-3 0.3 0.8 1.3 0.1
Apr 15 OBSERVED 20.7 15.3 12.8 N /A
Apr 15 CALMET-6 27.4 96.7 34.9 4.9
Apr 15 RAMS-CALMET 10.1 57.5 38.2 7.3
Apr 15 CALMET-1 0.7 0.1 0.0 6.0
Apr 15 CALMET-3 2.8 0.2 0.0 5.7
Apr 16 OBSERVED 24.5 22.3 35.9 N /A
Apr 16 CALMET-6 43.5 59.0 34.4 3.1
Apr 16 RAMS-CALMET 9.9 22.3 15.0 2.8
Apr 16 CALMET-1 11.0 11.5 0.0 14.6
Apr 16 CALMET-3 28.3 12.4 0.1 10.0
Apr 17 OBSERVED 19.8 46.1 117.7 N /A
Apr 17 CALMET-6 11.4 83.9 56.2 40.9
Apr 17 RAMS-CALMET 5.4 9.4 12.6 3.3
Apr 17 CALMET-1 24.0 46.5 56.9 7.5
Apr 17 CALMET-3 36.7 128.2 98.4 18.0
Table B.2
Observed and modelled 24 hour concentrations ( ^ )  at the 4 monitoring locations,
April 13 to 17.
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DAY MODEL PLAZA JAIL CBC GLADSTONE
Jun 8 OBSERVED 0.8 0.1 5.3 N /A
Jun 8 CALMET-6 0.4 5.2 4.3 1.0
Jun 8 RAMS-CALMET 0.1 0.5 0.4 0.0
Jun 8 CALMET-1 1.4 6.5 4.7 0.2
Jun 8 CALMET-3 0.6 0.8 0.8 0.0
Jun 9 OBSERVED 1.7 1.7 7.2 N /A
Jun 9 CALMET-6 10.1 18.1 31.7 3.1
Jun 9 RAMS-CALMET 0.6 3.1 1.9 0.5
Jun 9 CALMET-1 0.1 3.2 6.2 0.1
Jun 9 CALMET-3 0.1 0.4 0.5 0.0
Jun 10 OBSERVED 1.3 0.8 13.7 N /A
Jun 10 CALMET-6 0.4 6.0 8.0 1.2
Jun 10 RAMS-CALMET 0.6 10.4 7.4 0.1
Jun 10 CALMET-1 6.8 15.3 11.9 3.4
Jun 10 CALMET-3 14.8 3.4 32.6 10.2
Jun 11 OBSERVED 13.0 2.7 7.0 N /A
Jun 11 CALMET-6 22.0 30.9 23.9 1.0
Jun 11 RAMS-CALMET 12.2 62.7 29.1 5.1
Jun 11 CALMET-1 5.4 14.4 9.2 2.9
Jun 11 CALMET-3 1.4 1.2 0.6 1.6
Jun 12 OBSERVED 15.4 15.7 56.3 N /A
Jun 12 CALMET-6 24.7 28.0 10.4 1.8
Jun 12 RAMS-CALMET 42.2 27.9 11.2 55.1
Jun 12 CALMET-1 15.7 11.3 4.5 0.4
Jun 12 CALMET-3 18.2 3.5 2.5 0.2
Table B.3
Observed and modelled 24 hour concentrations ( ^ )  at the 4 monitoring locations,
June 8 to 12.
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APPENDIX C
C.7. RAMS Initialization File
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I n a m e l i s t
!# # # # # # # # * # # # # # # # # # # # # # # # # # # # #  C h a n g e  L o g  # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # # #  
! RAMS 4 . 3 . 0 . 0  !!###########################################################################
$M ODEL_G RIDS
! S i m u l a t i o n  t i t l e  ( 6 4  c h a r s )
EXPNME = ’ P r i n c e  G e o r g e  R u n , J a n u a r y  2 8  t o  F e b r u a r y  2 ,  1 9 9 9  ( v 4 . 3 . 0 ) ' ,
VTABCUST = ’ s t a n d a r d ’
RUNTYPE = ’ I N I T I A L ’ , ! T y p e  o f  r u n :  MEMORY, M AKESFC, M AKESST, 
! M A K E V F IL E , I N I T I A L ,  H ISTO R Y
T IM E U N IT = ’ h ’ . ! ’ h ’ . ’ m ’ . ’ s ’ -  T im e  u n i t s  o f  T IM M A X , T IM S T R
TIM MAX 1 3 2 . , ! F i n a l  t i m e  o f  s i m u l a t i o n
S t a r t  o f s i m u l a t i o n  <) r  IS A N  p r o c e s s i n g
IM O N T H l = 0 1 . ! M o n th
ID A T E l = 2 8 , ! D a y
lY E A R l S 1 9 9 9 , ! Y e a r
IT I M E l 0 0 0 0 , ! GMT o f  m o d e l T IM E  »  0 .
G r i d  s p e c i f i c a t i o n s
NGRIDS 3 , ! N u m b e r  o f  g r i d s  t o  r u n
NNXP = 1 0 0 , 5 0 , 6 2 , , ! N u m b e r  o f  x  g r i d p o i n t s
NNYP = 1 0 0 , 5 0 , 6 2 : , ! H u m b e r  o f  y  g r i d p o i n t s
NNZP 4 0 , 4 0 , 4 0 , ! N u m b e r o f  z  g r i d p o i n t s
NZG * 1 1 , 1 1 , 1 1 , ! N u m b e r o f  s o i l  l a y e r s
NZS * 1 , 1 , 1 , ! M a x im u m  n u m b e r  o f  s n o w  l a y e r s
NXTNEST = 0 , 1 . 2 , 3 , ! G r i d  n u m b e r  w h ic h  i s  t h e  n e x t  c o a r s e r  g r i d
C o a rs e  g r i d s p e c i f i c a t i o n s
IH TR A N = 1 , ! 0 - C a r t e s i a n ,  1 - P o l a r  s t e r e o
D ELTAX = 1 6 0 0 0 . ,
D ELTAY * 1 6 0 0 0 . , ! X a n d  Y g r i d  s p a c in g
D ELTAZ = 2 5 . , ! Z  g r i d  s p a c in g  ( s e t  t o  0 .  t o  u s e  Z Z )
DZRAT = 1 . 1 4 , ! V e r t i c a l  g r i d  s t r e t c h  r a t i o
DZMAX = 1 0 0 0 . , ! M a x im u m  d e l t a  Z f o r  v e r t i c a l  s t r e t c h
ZZ . 0 . 0 , ! V e r t i c a l  l e v e l s  i f  D ELTA Z “  030. 0, 6 0 . 0 , 9 0 . 0 ,  1 2 0 . 0 ,  1 5 0 . 0 ,
1 8 0 . 0 , 2 1 0 . 0 , 2 4 0 . 0 ,  2 7 0 . 0 ,  3 0 0 . 0 ,
3 3 0 . 0 , 3 6 0 . 0 , 3 9 0 . 0 ,  4 2 0 . 0 ,  4 5 0 . 0 ,
4 8 0 . 0 , 5 1 0 . 0 , 5 4 0 . 0 ,  5 7 0 . 0 ,  6 0 0 . 0 ,
6 3 0 . 0 , 6 6 0 . 0 , 6 9 0 . 0 ,  7 2 0 . 0 ,  7 5 0 . 0 ,
7 8 0 . 0 , 8 1 0 . 0 , 8 4 0 . 0 ,  8 7 0 . 0 ,  9 0 0 . 0 ,
9 3 0 . 0 , 9 6 0 . 0 , 9 9 0 . 0 ,  1 0 2 0 . 0 ,  1 0 5 0 .0 ,
1 0 8 0 .0 , 1 1 1 0 . 0 , 1 1 4 0 . 0 ,  1 1 7 0 . 0 ,  1 2 0 0 . 0 ,
1 2 3 0 . 0 , 1 2 6 0 . 0 , 1 2 9 0 . 0 ,  1 3 2 0 . 0 ,  1 3 5 0 . 0 ,
1 3 8 0 . 0 , 1 4 1 0 . 0 , 1 4 4 0 . 0 ,  1 4 7 0 . 0 ,  1 5 0 0 . 0 ,
1 5 3 3 . 0 , 1 5 6 9 . 3 , 1 6 0 9 . 2 ,  1 6 5 3 . 2 ,  1 7 0 1 . 5 ,
1 7 5 4 .6 , 1 8 1 3 . 1 , 1 8 7 7 . 4 ,  1 9 4 8 . 1 ,  2 0 2 5 . 9 ,
2 1 1 1 . 5 , 2 2 0 5 . 7 , 2 3 0 9 . 3 ,
DTLONG = 2 5 . , ! C o a rs e  g r i d  l o n g  t i m e s t e p
NACOUST = 4 , 4 , 4 , ! S m a l l  t i m e s t e p  r a t i o
ID E L T A T 2 . ! T im e s te p  a d ju s t m e n t  
! = 0  -  c o n s t a n t  t i m e  s t e p s  
! > 0  -  i n i t i a l  c o m p u t a t io n  < 0  -  v a r i a b l e
! N e s t  r a t i o s  b e tw e e n  t h i s  g r i d  a n d  t h e  n e x t  
! c o a r s e r  g r i d .
NSTRATX 1 , 4 , 4 , 4 , ! x - d i r e c t i o n
NSTRATY 1 , 4 , 4 , 4 , ! y - d i r e c t i o n
NNDTRAT 1 , 5 , 5 , 5 , ! T im e
N E S T Z l = Û, ! C o n t o r t  c o a r s e r  g r i d s  i f  n e g a t i v e
N S T R A T Z l 1 , 3 , 3 , 3 , 3 , 2 , 2 , 2 , 2 , 1 , 1 , 1 , 1 ,
NESTZ2 0 , ! C o n t o r t  c o a r s e r  g r i d s  i f  n e g a t i v e
NSTRATZ2 1 , 1 , 3 , 3 , 3 , 3 , 3 , 2 . 2 , 2 , 2 , 1 , 1 ,
PO LELAT 5 3 . 9 5 7 , ! L a t i t u d e  o f  p o l e  p o i n t
POLELDN - 1 2 2 . 7 3 3 , ! L o n g i t u d e  o f  p o l e  p o i n t
CEN TLAT 5 3 . 9 5 7 , 5 3 . 9 5 7 , 5 3 . 9 5 7 ,  ! C e n t e r  l a t / l o n  o f  g r i d s ,  m a y  o r
CENTLON = - 1 2 2 . 7 3 3 , - 1 2 2 . 7 3 3 , - 1 2 2 . 7 3 3 ,  ! m a y  n o t  b e  sam e a s  p o l e  p o i n t
G r i d  p o i n t  o n  t h e  n e x t  c o a r s e r
Ill
n e s t  w h e re  t h e  l o v e r  s o u th w e s t  
c o r n e r  o f  t h i s  n e s t  w i l l  s t a r t .
I f  N IN E S T  o r  N JN EST =  0 ,  u s e  C E N T LA T/LO N
N IN E S T »  0 , 0 , 0 , ! i - p o i n t
NJN EST =  0 , 0 , 0 , ! j - p o i n t
NKNEST "  1 , 1 . 1 , ! k - p o i n t
NNSTTOP = 1 , 1 , 1 , ! F l a g  ( 0 - n o  o r  1 - y e s )  i f  t h i s
NKSTBDT = 1 , 1 , 1 , ! N e s t  g o e s  t h e  t o p  o r  b o t t o m  o f
1 c o a r s e s t  n e s t .
G R ID U »  0 . , 0 . , 0 . , ! u - c o m p o n e n t  f o r  m o v in g  g r i d s
G R ID V =  0 . , 0 . , 0 . , ! V - c o m p o n e n t  f o r  m o v in g  g r i d s
( s t i l l  n o t  w o r k i n g ! )
$END
$ M O D E L _ F IL E .IN F O
I V a r i a b l e  i n i t i a l i z a t i o n  i n p u t
I N I T I A L  =  2 .
VARFPFX = ’ i s a n / i s - v '
V W A IT l =  0 . ,
VW AITTO T =  0 . ,
NUDLAT =  5 ,
TN UD LAT =  9 0 0 . ,
TNUDCENT =  8 0 0 0 . ,
TKUDTOP =  2 0 0 0 . ,
ZNUDTOP =  1 0 0 0 0 . ,
I n i t i a l  f i e l d s  -  l = h o r i z . h o m o g e n e o u s ,  
2 - v a r i a b l e  
! V a r f i l e  i n i t i a l i z a t i o n  f i l e  p r e f i x  
W a i t  b e tw e e n  e a c h  V F IL E  c h e c k  ( s )
T o t a l  w a i t  b e f o r  g i v i n g  u p  o n  a  V F IL E  ( s )
N u m b e r o f  p o i n t s  i n  l a t e r a l  b n d  r e g io n  
N u d g in g  t i m e  s c a l e ( s )  a t  l a t e r a l  b o u n d a r y  
I N u d g in g  t i m e  s c a l e ( s )  i n  c e n t e r  o f  d o m a in  
! N u d g in g  t i m e  s c a l e  ( s )  a t  t o p  o f  d o m a in  
N u d g in g  a t  t o p  o f  d o m a in  a b o v e  h e i g h t ( m )
H i s t o r y  f i l e  i n p u t  
2 4 . .T IM S T R
H P IL IN
! T im e  o f  h i s t o r y  s t a r t  ( s e e  T IM E U N IT )  
h i s t / a - H - 2 0 0 0 - 0 7 - 3 0 - 1 8 0 0 0 0 .  v f m \
! I n p u t  h i s t o r y  f i l e  nam e
H i s t o r y / a n a l y s i s  f i l e  o u t p u t
lO U TP U T 1 ,
H F IL O U T = ’ h i s t / a
A F IL O Ü T = 'a n a l / a
IC LO BBE R = 1 ,
IH IS T D E L = 1 ,
FR Q H IS 4 3 2 0 0 . ,
FRQANL = 7 2 0 0 . ,
F R Q L IT E 0 ,
X L IT E = * / 0 : 0 / ’
Y L IT E * V 0 : 0 / '
Z L IT E = » / 0 : 0 / ‘
AVG TIM = 0 ,
FRQMEAN
FRQBOTH
1 0 8 0 0 . ,  
3 6 0 0 . ,
! 0 - n o  f i l e s ,  1 - s a v e  A S C I I ,  2 - s a v e  b i n a r y  
! H i s t o r y  f i l e  p r e f i x  
! A n a l y s i s  f i l e  p r e f i x
I 0 = 8 to p  i f  f i l e s  e x i s t ,  l * o v e r w i t e  f i l e s  
! 0 - k e e p  a l l  h i s t  f i l e s ,  l = d e l e t e  p r e v io u s  
! H i s t o r y  f i l e  f r e q u e n c y  
! A n a l y s i s  f i l e  f r e q u e n c y  
A n a l y s i s  f r e q .  f o r  " l i t e "  v a r i a b l e s  
*  0  : n o  l i t e  f i l e s  
n u m s > 0  a r e  a b s o l u t e  g r i d  i n d e x e s  
n u m s < 0  c o u n t  i n  f r o m  t h e  d o m a in  e d g e s  
n u m s = 0  a r e  d o m a in  e d g e s  
A v e r a g in g  t i m e  f o r  a n a l y s i s  v a r i a b l e s  
m u s t  b e  a b s (A V G T IM )  < *  FRQANL 
> 0  : a v e r a g in g  i s  c e n t e r e d  a t  FRQANL 
< 0  : a v e r a g in g  e n d s  a t  FRQANL 
a  0  : n o  a v e r a g e d  f i l e s  
A n a l y s i s  f r e q .  f o r  " a v e r a g e d "  v a r i a b l e s  
A n a l y s i s  f r e q .  f o r  b o t h  " a v e r a g e d "  a n d  
" l i t e "  v a r i a b l e s  
1 -  w r i t e , 0 - d o n ' t  w r i t e  s c a l a r  K * s  t o  a n a l .
P r i n t e d  o u t p u t  c o n t r o l s
FRQPRT =  2 1 6 0 0 . ,  
IN IT F L D  = 0 ,
I P r i n t o u t  f r e q u e n c y
! I n i t i a l  f i e l d  p r i n t  f l a g  0 = n o  p r n t , l = p r n t
I I n p u t  t o p o g r a p h y  v a r i a b l e s
S F C F IL E S  =  » s f c / s f c » ,  
SSTFP FX =  ' s s t / s s t ' ,
IT O P T FL G  = 1 , 1 , 1 ,
IS S T F L G  a  1 , 1 , 1 ,
IV E G TFLG  -  1 , 1 , 1 ,
IS O IL F L G  a  2 , 2 , 2 ,
N D F IL F L G  = 2 , 2 , 2 ,  
lU P D S S T  a  0 ,
I F i l e  p a t h  a n d  p r e f i x  f o r  s u r f a c e  f i l e s .
I P a t h  a n d  p r e f i x  f o r  s s t  f i l e s
I 2  -  F i l l  d a t a  i n  " r s u r f "
! 0  -  I n t e r p o l a t e  f r o m  c o a r s e r  g r i d  
! 1 -  R e a d  f r o m  s t a n d a r d  L a t / L o n  d a t a  f i l e  
! S o i l  f i l e s  n o t  y e t  a v a i l a b l e :  a v o i d  i s o i l f l g a l
! 2  -  F i l l  d a t a  i n  " r s u r f "
! 0  -  I n t e r p o l a t e  f r o m  c o a r s e r  g r i d
! 0  -  No u p d a te  o f  SS T v a lu e s  d u r i n g  r u n
! 1 -  U p d a te  SS T v a l u e s  d u r i n g  r u n
I T h e  f o l l o w i n g  o n l y  a p p l y  f o r  I x x x x F L G = l  
IT O P T F N  =  » . . / d a t a / t o p o 3 0 s / E L > ,
’ . . / d a t a / t o p o 3 0 s / E L * ,
* . . / d a t a / t o p o 3 0 s / E L * ,
' . . / d a t a / t o p o 3 0 s / E L * ,
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IS S T F N  =  » . . / d a t a / s s t / S ’ ,
' . . / d a t a / s s t / S ’ ,
’ . . / d a t a / s s t / S * ,
* . . / d a t a / s s t / S * ,
IV E G TFN  =  * . . / d a t a / o g e d a t a / G E ’ ,
* . . / d a t a / o g e d a t a / G E ’ ,
* . . / d a t a / o g a d a t a / G E * ,
' . . / d a t a / o g e d a t a / G E * ,
IS O IL F N  *  ’ ! S o i l  f i l e s  n o t  y e t  a v a i l a b l e
T o p o g r a p h y  s c h e m e
ITO P S FLG  =  1 , 1 , 1 ,  ! 0  » A v e r a g e  O r o g r a p h y
! 1 =  S i l h o u e t t e  O r o g r a p h y  
! 2  =  E n v e lo p e  O r o g r a p h y  
! 3  =  R e f l e c t e d  E n v e lo p e  O r o g r a p h y  
! F o r  IT 0 P S F L G = 1 , W e ig h t in g  o f  t o p o  
s i l h o u e t t e  a v e r a g in g  
F o r  IT 0 P S F L G » 2  o r  3 ,  R e f l e c t e d  E n v e lo p e  
a n d  E n v e lo p e  O r o g r a p h y  e n h a n c e m e n t  f a c t o r  
! T o p o  w a v e le n g t h  c u t o f f  i n  f i l t e r
TOPTENH =
TOPTWVL *  4 . , 4 . , 4 . ,
! S u r f a c e  R o u g h n e s s  sch e m e
IZ O F L G  *  0 , 0 , 0 ,
ZOMAX =  2 . , 2 . ,
ZOFACT =  0 . 0 0 5 ,
! 0  -  B a s e d  o f  v e g e ,  b a r e  s o i l  a n d  w a t e r  s u r f a c e  
1 -  S u b g r i d  s c a l e  o r o g r a h i c  r o u g h n e s s  
M ax  z o  f o r  IZ0FLG =*1
S u b g r id  s c a l e  o r o g r a h i c  r o u g h n e s s  f a c t o r
1 M ic r o p h y s ic s  c o l l e c t i o n  t a b l e s
MKCOLTAB =  0 ,  ! M ake  t a b l e :  0  =  n o ,  1 = y e s
COLTABFW =  * . . / d a t a / c t 2 . 0 * ,
I F i le n a m e  t o  r e a d  o r  w r i t e
$END
$M ODEL_O PTIONS
NADDSC = 0 , N u m b e r  o f  a d d i t i o n a l  s c a l a r  s p e c ie s
N u m e r i c a l s c h e m e s
IC O R FLG = 1. C o r i o l i s  f l a g / 2 D  v - c o m p o n e n t  -  0  = o f f ,  1 =  o n
IB N D =  1 , L a t e r a l  b o u n d a r y  c o n d i t i o n  f l a g s
JBNO »  1 , i - K l e m p / W i lh e l m s o n ,  2 - K l e m p / L i l l y ,  
3 - O r l a n s k i ,  4 - c y c l i c
CPHAS = 2 0 . , P h a s e  s p e e d  i f  IB N D  o r  JBND -  1
LS FLG = 0 , L a r g e - s c a l e  g r a d i e n t  f l a g  f o r  v a r i a b l e s  o t h e r  t h a n  
n o r m a l  v e l o c i t y :
0  -  z e r o  g r a d i e n t  i n f l o w  a n d  o u t f l o w
1 = z e r o  g r a d i e n t  i n f l o w ,  r a d i a t i v e  b . c .  o u t f l o w
2  =  c o n s t a n t  i n f l o w ,  r a d i a t i v e  b . c .  o u t f l o w
3  =  c o n s t a n t  i n f l o w  a n d  o u t f l o w
NFPT =  0 , R a y l e ig h  f r i c t i o n  -  n u m b e r  o f  p o i n t s  f r o m  t h e  t o p
D IS T IM =  6 0 . , -  d i s s i p a t i o n  t i m e  s c a l e
R a d i a t i o n p a r a m e t e r s
ISW RTYP = 1 . S h o r tw a v e  r a d i a t i o n  t y p e
ILW R TYP = 1 , L o n g w a v e  r a d i a t i o n  t y p e
0 - n o n e ,  2 - M a h r e r / P i e l k e , 1 - C h e n
RADFRQ = 1 2 0 . .  ! F r e q .  o f  r a d i a t i o n  t e n d e n c y  u p d a te  ( s )
LONRAD *  1 , L o n g i t u d i n a l  v a r i a t i o n  o f  s h o r tw a v e  
( 0 - n o ,  1 - y e s )
C u m u lu s  p a r a m e t e r i z a t i o n  p a r a m e te r s
NNQPARM “  1 , 1 , 1 , ! C o n v e c t i v e  p a r a m . f l a g  ( 0 - o f f ,  1 - o n )
CONFRQ = 1 2 0 0 . , F r e q u e n c y  o f  c o n v  p a r a m . u p d a te s  ( s )
WCLDBS = . 0 0 1 , V e r t i c a l  m o t io n  n e e d e d  a t  c l o u d  b a s e  f o r  
t o  t r i g g e r  c o n v e c t io n
S u r f a c e  l a y e r  a n d  s o i l  p a r a m e t e r i z a t i o n
NPATCH =  3 , N u m b e r o f  p a t c h e s  p e r  g r i d  c e l l  ( m in ~ 2 )
NVEGPAT =  2 , N u m b e r  o f  p a t c h e s  p e r  g r i d  c e l l  t o  b e  f i l l e d  f r o m  
v e g e t a t i o n  f i l e s  ( m in  o f  1 ,  m a x  o f  N P A T C H -1 )
IS F C L = 0 . S u r f a c e  l a y e r / s o i l / v e g  m o d e l
0  -  s p e c i f i e d  s u r f a c e  l a y e r  g r a d i e n t s
1 -  s o i l / v e g e t a t i o n  m o d e l
NVGCON =  3 , V e g e t a t i o n  t y p e  ( s e e  b e lo w )
1 —  C r o p / m ix e d  f a r m i n g  2  - -  S h o r t  g r a s s
3 —  E v e r g r e e n  n e e d l e l e a f  t r e e  4  - -  D e c id u o u s  n e e d l e l e a f  t r e e
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5  —  D e c id u o u s  b r o a d l e a f  t r e e 6 —  E v e r g r e e n  b r o a d le a f  t r e e
7  —  T a l l  g r a s s 8 —  D e s e r t
9  "  T u n d r a 1 0 —  I r r i g a t e d  c r o p
1 1  —  S e m i - d e s e r t 12 —  I c e  c a p / g l a c i e r
1 3  - -  B o g  o r  m a r s h 1 4 —  I n l a n d  w a t e r
1 5  - -  G c e a n 1 6 —  E v e r g r e e n  s h r u b
17  - -  D e c id u o u s  s h r u b 18 —  M ix e d  w o o d la n d
PCTLCQK
NSLCON
1 . , C o n s t a n t  l a n d  % i f  f o r  a l l  d o m a in  
C o n s t a n t  s o i l  t y p e  i f  f o r  a l l  d o m a in
1 —  s a n d  2  —  lo a m y  s a n d
4  - -  s i l t  lo a m  5  —  lo a m
7  —  s i l t y  c l a y  lo a m  8  —  c l a y  lo a m
1 0  —  s i l t y  c l a y  11  —  c l a y
ZRQUGH «  1 . 0 ,
ALBEDO =  . 4 ,
SEATMP = 2 8 0 . ,
3  —  s a n d y  lo a m  
6  —  s a n d y  c l a y  lo a m  
9  - -  s a n d y  c l a y  
1 2  —  p e a t
! C o n s t a n t  r o u g h n e s s  i f  f o r  a l l  d o m a in  
! C o n s t a n t  a lb e d o  i f  n o t  r u n n i n g  s o i l  m o d e l 
! C o n s t a n t  w a t e r  s u r f a c e  t e m p e r a t u r e
DTHCON = 0 . ,  
DRTCON » 0 . ,
C o n s t a n t  s f c  l a y e r  te m p  g r a d  f o r  n o  s o i l  
C o n s t a n t  s f c  l a y e r  m o i s t  g r a d  f o r  n o  s o i l
S L Z  =  - . 5 0 . - . 4 0 , - . 3 0 , - . 2 5 , - . 2 0 . - . 1 6 , - . 1 2 , - . 0 9 , - . 0 6 . - . 0 3 , - . 0 1 ,
! S o i l  g r i d  l e v e l s
SLMSTR =  0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 , 0 . 3 5 ,  
! I n i t i a l  s o i l  m o i s t u r e
S T 6 0 F F  =  5 . , 5 . , 5 . , 5 . , 3 . 5 , 2 . , . 5 , - 1 . , - 1 . 5 , - 1 . 8 , - 2 . ,
! I n i t i a l  s o i l  t e m p e r a t u r e  o f f s e t  
! f r o m  l o w e s t  a t m o s p h e r i c  l e v e l
E d d y  d i f f u s i o n  c o e f f i c i e n t  p a r a m e te r s
IHORGRAD =  1 ,
CSX
CSZ
XKHKM
ZKHKM
AK M IN
. 2,. 2,. 2, 
. 2 , . 2 , . 2 ,
3 . . 3 . . 3 . ,
3 . . 3 . . 3 . ,  
1 . , 1 . , 1 . ,
! K f l a g :
1 -  H o r i z  d e f o r m / V e r t  M e l lo r - Y a m a d a
2  -  A n i s o t r o p i c  d e f o r m o r m a t io n
( h o r i z  6  v e r t  d i f f e r )
3  -  I s o t r o p i c  d e f o r m a t io n
( h o r i z  a n d  v e r t  sa m e )
4  -  D e a r d o r f f  TKE ( h o r i z  a n d  v e r t  sa m e )
1 -  h o r i z  g r a d  f r m  d e c o m p o s e d  s ig m a  g r a d
2  -  t r u e  h o r i z o n t a l  g r a d i e n t .
N o n - c o n s e r v in g ,  b u t  a l l o w s  s m a l l  DZ 
! D e f o r m a t i o n  h o r i z . K ’ s  c o e f f i c i e n t  
! D e f o r m a t io n  v e r t . K ’ s c o e f f i c i e n t  
! R a t i o  o f  h o r i z  K _ h  t o  K_m  f o r  d e f o r m a t io n  
! R a t i o  o f  v e r t  K _ h  t o  K_m f o r  d e f o r m a t io n  
! R a t i o  o f  m in im u m  h o r i z o n t a l  e d d y
v i s c o s i t y  c o e f f i c i e n t t o  t y p i c a l  v a lu e  
f r o m  d e f o r m a t io n  K
! M ic r o p h y s ic s
LE V E L  =  3 ,  
IC C N FLG  =  0 ,  
IF N F L G  =  0 ,
M o i s t u r e  c o m p le x i t y  l e v e l  
F l a g  f o r  CCN a n d  IF
0 - c o n s t a n t , 1 - v e r t i c a l  p r o f i l e , 2 - p r o g n o s e d
IC LO UD
IR A IN
I  P R IS
ISNGW
lAG G R
IGRAUP
IH A I L
= 4 ,  
= 2 , 
= 5 ,  
=  2 , 
= 2 , 
= 2 , 
= 2 ,
M ic r o p h y s ic s  f l a g s
1 -  d i a g n o s t i c  c o n c e n .
2  -  s p e c i f i e d  m e a n  d i a m e t e r
3 -  s p e c i f i e d  y - i n t e r c e p t
4  -  s p e c i f i e d  c o n c e n t r a t i o n
5  -  p r o g n o s t i c  c o n c e n t r a t i o n
CPARM
RPARM
PPARM
SPARH
APARM
GPARM
HPARM
= . 3 e 9 ,  
= l e - 3 ,  
= 0 . ,
=  l e - 3 ,  
=  l e - 3 ,  
=  l e - 3 ,  
=  3 e - 3 ,
M ic r o p h y s ic s  p a r a m e te r s
C h a r a c t e r i s t i c  d i a m e t e r ,  #  c o n c e n t r a t i o n  
o r  y - i n t e r c e p t
GNU , 2 . , 2 . , 2 . , 2 . , 2 . , 2 . Gamma s h a p e  p a rm s  f o r
o l d  r a i n  p r i s  s n o w  a g g r  g r a u p  h a i l
$END
$MODEL_SGUND
S o u n d in g  s p e c i f i c a t i o n
F la g s  f o r  h o w  s o u n d in g  i s  s p e c i f i e d  
IP S F L G  = 1 ,  ! S p e c i f i e s  w h a t  i s  i n  PS a r r a y
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! 0 - p r e s s u r e ( m b )  1 - h e i g h t s  (m )
! P S ( i ) = s f c  p r e s s ( m b )
IT S F L 6  = 0 ,  ! S p e c i f i e s  w h a t  i s  i n  TS a r r a y
! O - te m p ( C )  l - t e m p ( K )  2 - p o t .  te m p ( K )
IR T S F L 6  =  3 ,  ! S p e c i f i e s  w h a t  i s  i n  RTS a r r a y
0 - d e w  p n t . ( C )  1 - d e w  p n t . ( K )
2 - m ix  r a t ( g / k g )
3 - r e l a t i v e  h u m i d i t y  i n  %,
4 - d e w  p n t  d e p r e s s io n ( K )
HS
PS
TS
RTS
US
v s
$END
S p e c i f i e s  w h a t  i s  i n  US a n d  VS a r r a y s
0 - u , V  c o m p o n e n t ( m /s )
1 - u m o m s - d i r e c t io n ,  v m o m s -s p e e d
1 0 1 0 . . 1 0 0 0 . . 2 0 0 0 . . 3 0 0 0 . . 4 0 0 0 . . 6 0 0 0 . . 8 0 0 0 . . 1 1 0 0 0 . . 1 5 0 0 0 . . 2 0 0 0 0 ,
2 5 0 0 0 . ,
2 5 . . 1 8 . 5 . 1 2 . . 4 . 5 , - 1 1 . , - 2 4 . , - 3 7 . , - 5 6 . 5 , - 5 6 . 5 , - 5 6 . 5 , - 5 6 . 5 ,
7 0 . . 7 0 . . 7 0 . . 7 0 . . 2 0 . . 2 0 . . 2 0 . . 2 0 . . 1 0 . . 1 0 . . 1 0 . ,
1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . . 1 0 . ,  
0 . , 0 . , 0 . , 0 . , 0 . , 0 . , 0 . , 0 . , 0 . , 0 . , 0 . ,
$M O D EL_P R IN T
S p e c i f i e s  t h e  f i e l d s  t o  b e  p r i n t e d  d u r i n g  t h e  s i m u l a t i o n
N PLT  -  4 ,  ! N u m b e r  o f  f i e l d s  p r i n t e d  a t  e a c h  t i m e
! f o r  v a r i o u s  c r o s s - s e c t i o n s  ( l i m i t  o f  5 0 )
IP L F L D ' U P ' , ' V P ' , 'W P ' , 'T H E T A ', 'R E L H U M ', 'T O T P R E ',
! F i e l d  n a m e s  -  s e e  t a b l e  b e lo w
P L F M T ( l)  =  ' 0 P F 7 . 3 ' , ! F o r m a t  s p e c ,  i f  d e f a u l t  i s  u n a c c e p t a b le
IX S C T N  =  3 , 3 , 3 , 3 ,
IS B V A L 1 0 , 1 0 , 1 0 , 1 0 ,
! C r o s s - s e c t i o n  t y p e  ( 1 = X Z ,  2 = Y Z , 3 = X Y )
! G r i d - p o i n t  s l a b  v a lu e  f o r  t h i r d  d i r e c t i o n
! T h e  f o l l o w i n g  v a r i a b l e s  c a n  a l s o  b e  s e t  i n  t h e  n a m e l i s t  : lA A ,
! lA B ,  JO A , J O B , N AAVG , NOAVG, P L T IT ,  PLC O N LO , P L C O N H I, a n d  P L C O N IN .
'U P '
'V P '
'W P '
'P P '
'T H P '
'T H E T A '
'T H V P '
' T V
'R T '
'R V
'T H I L '
'R ELHUM
'F T H R D '-
'  MICRO»-
'Z O '
'U S T A R L
'TSTARW
'U W '
»W FZ'
*Q F Z '
'RSHORT
-  U P (M /S ) » R C  -  R C (G /K G ) >PCPT> -  TOTPRE
-  V P (M /S ) 'R R ' -  R R (G /K G ) 'T K E ' -  TKE
-  W P (C M /S ) »RP» -  R P (G /K G ) 'H S C L ' -  H L (M )
-  PR S (M B ) 'R A »  -  R A (G /K G ) 'V S C L ' -  V L (M )
-  T H P (K )
-  T H E T A (K ) 'R L '  -  R LC G /K G ) 'T G ' -  TG ( K )
-  T H V (K ) ' R I '  -  R K G /K G ) 'S L M ' -  SLM (P C T )
-  T V ( K ) 'R C O N D '-  R D (G /K G ) 'C O N P R '' -  CON RATE
-  R T (G /K G ) 'C P ' -  N P R IS »CONP' -  CON PCP
-  R V (G /K G ) 'R T P ' -  R T (G /K G ) 'CONH» -  CON HEAT
'CONM* -  CON M OIS
-  T h e t a - i l ( K )  'T E M P ' -  t e m p e r a t u r e ( K )
-  T v  (K ) 'T H V  -  T h e t a - v ( K )
I ' - r e l a t i v e h u m i d i t y  ( '/ ,) 'S P E E D ' w in d  s p e e d
r a d i a t i v e  f l u x  c o n v e r g e n c e  ( ? ? )  
GASPRC
ZO (M )  » Z I '  -  Z I  (M )
-U S T A R L (M /S )  » U S TA R W '-U S T A R W (M /S ) 
-T S T A R W (K ) 'R S T A R L '-R S T A R L (G /G )
UW ( M * M /S * S )
WFZ ( M * M /S * S )
QFZ ( G * M /G * S )
-RSHORT
'Z M A T ' • 
'T S TA R L 
RSTARW 
'V W ' 
'T F Z ' 
'R L O N G '-
ZMAT (M ) 
-T S T A R L  (K )  
-R S T A R W (G /G ) 
VW ( M * M /S * S )  
TF Z  ( K * M /S )  
RLONG
$END
$ISAN _C O N TR O L
I s e n t r o p i c  c o n t r o l
IS ZS T A G E  =  1 , 
IV R S TA G E  =  1 ,
! M a in  s w i t c h e s  f o r  i s e n t r o p i c - s i g z  
! " v a r f i l e "  p r o c e s s i n g
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IS A N .IN C  =  0 6 0 0 ,
G U E S S IS T  =  ’ PR E S S ’ 
I lS T . F L G  = 1 ,
lU P A .F L G  »  3 ,  
IS F C .F L G  =  3 ,
IS A M  p r o c e s s i n g  in c r e m e n t  (hhnun) 
r a n g e  c o n t r o l l e d  b y  T IM M A X , 
lY E A R l  I T I M E l
T y p e  o f  f i r s t  g u e s s  i n p u t -  ’ PR E S S ’ ’ RAMS’
W h a t t o  d o  i f  f i r s t  g u e s s  f i l e  s h o u ld  b e  u s e d ,  
b u t  d o e s  n o t  e x i s t .
1 = 1  k n o w  i t  m ay  n o t  b e  t h e r e ,  
s k i p  t h i s  d a t a  t i m e  
2 = 1  s c r e w e d  u p ,  s t o p  t h e  r u n  
3  =  i n t e r p o l a t e  f i r s t  g u e s s  f i l e  f r o m  n e a r e s t  
s u r r o u n d i n g  t i m e s ,  s t o p  i f  u n a b le  
( n o t  y e t  a v a i l a b l e )
U P A - u p p e r  a i r ,  S F C - s u r fa c e
W h a t t o  d o  i f  o t h e r  d a t a  f i l e s  s h o u ld  b e  u s e d ,  
b u t  d o e s  n o t  e x i s t .
1 = 1  k n o w  i t  m a y  n o t  b e  t h e r e ,  
s k i p  t h i s  d a t a  t i m e  
2 = 1  s c r e w e d  u p ,  s t o p  t h e  r u n  
3  =  T r y  t o  c o n t i n u e  p r o c e s s i n g  a n y w a y
! I n p u t  d a t a  f i l e  p r e f i x e s
lA P R  =  ’ . . / n c e p / j a n 9 9 / d p - p ’ , ! I n p u t  p r e s s  l e v e l  d a t a s e t
lA R A W I =  ’ N 0 / n c e p / j a n 9 9 / d p - r ’ , ! A r c h i v e d  r a w in d s o n d e  f i l e  nam e 
lA S R F C E  =  ’ N 0 / d a t a / s f c / j a n 9 9 / d p - s ’ , ! A r c h i v e d  s u r f a c e  o b s  f i l e  nam e
! F i l e  n a m es a n d  d i s p o s e  f l a g s
VARPFX =  ’ . / i s a n / i s - v ’ , ! i s a n  f i l e  n a m e s  p r e f i x
IQ F L G IS Z  =  0 ,  ! I s e n - s i g z  f i l e  f l a g :  0  =  n o  w r i t e ,  1 = w r i t e
lO F LG V A R  = 1 ,  ! V a r  f i l e  f l a g :  0  =  n o  w r i t e ,  1 = w r i t e
$END
$ IS A N _ IS E N T R O P IC
I s e n t r o p i c  a n d  s ig m a - z  p r o c e s s i n g
S p e c i f y  i s e n t r o p i c  l e v e l s
N IS H  =  5 6 ,  ! N u m b e r o f  i s e n t r o p i c  l e v e l s
LE VTH  =  2 5 4 , 2 5 5 , 2 5 6 , 2 5 7 , 2 5 8 , 2 5 9 , 2 6 0 , 2 6 1 , 2 6 2 , 2 6 3 ,
2 6 4 , 2 6 5 , 2 6 6 , 2 6 7 , 2 6 8 , 2 6 9 , 2 7 0 , 2 7 1 , 2 7 2 , 2 7 3 , 2 7 4 , 2 7 5 , 2 7 6 , 2 7 8 , 2 8 0 , 2 8 2 ,
2 8 4 , 2 8 6 , 2 8 8 , 2 9 0 , 2 9 2 , 2 9 4 , 2 9 6 , 2 9 8 , 3 0 0 , 3 0 3 , 3 0 6 , 3 0 9 , 3 1 2 , 3 1 5 , 3 1 8 ,
3 2 1 , 3 2 4 , 3 2 7 , 3 3 0 , 3 3 5 , 3 4 0 , 3 4 5 , 3 5 0 , 3 5 5 , 3 6 0 , 3 8 0 , 4 0 0 , 4 2 0 , 4 4 0 , 4 6 0 ,
A n a ly z e d  g r i d  i n f o r m a t i o n :
N IG R ID S = 3 ,
TO PS IG Z = 2 0 0 0 0
HYBBOT 4 0 0 0 .
HYBTOP = 6 0 0 0 .
S F C IN F = 1 0 0 . ,
S IG ZW T = ! . .
NFEEDVAR =  1 ,
! N u m b e r o f  RAMS g r i d s  t o  a n a ly z e
! S ig m a - z  c o o r d i n a t e s  t o  a b o u t  t h i s  h e i g h t
B o t to m  (m ) o f  b le n d e d  s i g m a - z / i s e n t r o p i c  
l a y e r  i n  v a r f i l e s  
T o p  (m )  o f  b le n d e d  s i g m a - z / i s e n t r o p i c  l a y r
V e r t  i n f l u e n c e  o f  s f c  o b s e r v a t i o n  a n a l y s i s
W e ig h t  f o r  s ig m a - z  d a t a  i n  v a r f i l e :
0 .  = n o  s i g z  d a t a ,
1 .  =  f u l l  w e ig h t  f r o m  s u r f a c e  t o  HYBBOT
! 1 »  f e e d  b a c k  n e s t e d  g r i d  v a r f i l e , 0  = n o t
O b s e r v a t io n  n u m b e r  l i m i t s  :
MAXSTA =  5 0 0 ,  ! m a x im u m  n u m b e r  o f  r a w in d s o n d e s
! ( a r c h i v e d  +  s p e c i a l )
MAXSFC =  5 0 0 0 ,  ! m a x im u m  n u m b e r  o f  s u r f a c e  o b s e r v a t i o n s
NONLYS =  0 ,  ! N u m b e r o f  s t a t i o n s  o n l y  t o  b e  u s e d
ID Q N LY S =  ’ 7 6 4 5 8 ’ , ! S t a t i o n  ID s  u s e d
NOTSTA =  0 ,  ! N u m b e r o f  s t a t i o n s  t o  b e  e x c lu d e d
N G T ID  =  ’ r 7 6 4 5 8 ’ , ! S t a t i o n  ID s  t o  b e  e x c lu d e d
! P r e f i x  w i t h  ’ r *  f o r  r a w in d s o n d e ,
! ’ s ’  f o r  s u r f a c e
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lO B S W IN = 7 2 0 0 , O b s e r v a t io n  a c c e p t a n c e  t i m e  w in d o w
O bs a r e  a c c e p t e d  a t  t h e  a n a l y s i s  t i m e  T  i f
f o r  lO B S W IN  > 0 :  T * IO B S W IN  < o b s . t i m e  < T + IO B S W IN
f o r  lO B S W IN  *  0 :  T  *  o b s . t i m e
f o r  lO B S W IN  < 0 :  T - | IO B S W IN |  < o b s . t i m e
STASEP *  .0 0 0 1 , ! M in im u m  s f c  s t a t i o n  s e p a r a t i o n  i n  d e g r e e s .  
A n y  s u r f a c e  o b s  w i t h i n  t h i s  d i s t a n c e  
o f  a n o t h e r  o b s  w i l l  b e  t h r o w n  o u t  
u n l e s s  i t  h a s  l e s s  m is s i n g  d a t a ,  
i n  w h ic h  c a s e  t h e  o t h e r  o b s  w i l l  b e  
t h r o w n  o u t .
IS T A P L T = 0 . I f  IS T A P L T  =  1 ,  s o u n d in g s  a r e  p l o t t e d ;
IS TA R E P = 0 , I f  IS T A R E P  -  1 ,  s o u n d in g s  a r e  l i s t e d ;
n o  o b j e c t i v e  a n a l y s i s  i s  d o n e .
I f  IS T A R E P /IS T A P L T  =  0 ,  n o r m a l  p r o c e s s i n g  
i s  d o n e
IG R ID F L = 4 . G r i d  f l a g = 0  i f  n o  g r i d  p o i n t ,  o n l y  o b s
1 i f  a l l  g r i d  p o i n t  d a t a  a n d  o b s
2 i f  p a r t i a l  g r i d  p o i n t  a n d  o b s
3  i f  o n l y  g r i d  d a t a
4  a l l  d a t a . . .  f a s t
GRIDW T = . 0 0 1 , . 0 0 1 , ! R e l a t i v e  w e ig h t  f o r  t h e  g r i d d e d  p r e s s  d a t a  
c o m p a r e d  t o  t h e  o b s e r v a t i o n a l  d a t a  i n  
t h e  o b j e c t i v e  a n a l y s i s
GOBSEP = 5 .  , G r i d - o b s e r v a t i o n  s e p a r a t i o n  ( d e g r e e s )
GOBRAD = 5 .  , G r i d - o b s  p r o x i m i t y  r a d iu s  ( d e g r e e s )
WVLNTH = 1 2 0 0 . , 9 0 0 . , 6 0 0 , ! U s e d  i n  S . B a r n e s  o b j e c t i v e  a n a l y s i s .  
W a v e le n g th  i n  km  t o  b e  r e t a i n e d  t o  t h e  
RESPON % f r o m  t h e  d a t a  t o  t h e  u p p e r  a i r  
g r i d s .
SWVLNTH »  7 5 0 . , 3 0 0 . , 1 5 0 . ! W a v e le n g th  f o r  s u r f a c e  o b j e c t i v e  a n a l y s i s
RESPON = . 9 0 , . 9 , . 9 , ! P e r c e n t a g e  o f  a m p l i t u d e  t o  b e  r e t a i n e d .
$END
G r a p h i c a l p r o c e s s i n g
$ISAW _G RAPH
M a in  s w i t c h e s  f o r  p l o t t i n g
IP LT P R S = 0, P r e s s u r e  c o o r d i n a t e  h o r i z o n t a l  p l o t s
IP L T IS W = 0, I s e n t r o p i c  c o o r d i n a t e  h o r i z o n t a l  p l o t s
IP L T S IG = 0, S ig m a - z  c o o r d i n a t e  h o r i z o n t a l  p l o t s
IP L T S T A = 0, I s e n t r o p i c  c o o r d i n a t e  " s t a t i o n "  p l o t s
P r e s s u r e p l o t t i n g  i n f o r m a t i o n
I L F T I I =  0 , L e f t  b o u n d a r y  w in d o w
IR G T I I =  18, R i g h t  b o u n d a r y  w in d o w
IB O T IJ = 3, B o t to m  b o u n d a r y  w in d o w
IT O P IJ = 13, T o p  b o u n d a r y  w in d o w  
W in d o w  d e f a u l t s  t o  e n t i r e  d o m a in  i f  o n e  e q u a ls  0 .
N PLEV =  2 , ! N u m b e r o f  p r e s s u r e  l e v e l s  t o  p l o t
IP L E V =  1 0 0 0 ,5 0 0 ,
! L e v e ls  t o  b e  p l o t t e d
N F LD U l =  4 , ! N u m b e r o f  f i e l d s  t o  b e  p l o t t e d
IF L D U l =  >U ’ , ’ T H E T A » ,’ G E O ', ’ R E L H U M ', ! F i e l d  n a m es
C ONUl = o . , o . , o . , o . . ! F i e l d  c o n t o u r  in c r e m e n t
IV E L U l = 2 , 0 , 0 , 0 , ! V e l o c i t y  v e c t o r  f l a g
! I s e n t r o p i c  p l o t t i n g  i n f o r m a t i o n
IL F T S r =  0 , ! L e f t  b o u n d a r y  w in d o w
IR G T 3 I = 1 8 , ! R i g h t  b o u n d a r y  w in d o w
IB 0 T 3 J = 3 , ! B o t to m  b o u n d a r y  w in d o w
IT 0 P 3 J =  1 3 , ! T o p  b o u n d a r y  w in d o w
W in d o w  d e f a u l t s  t o  e n t i r e  d o m a in  i f  o n e  e q u a ls  0 .
U p p e r  a i r  p l o t s :
IU P3BE G  =  3 2 0 ,  
IU P 3E N D  =  3 8 0 ,  
IU P 3 IN C  *  6 0 ,
S t a r t i n g  i s e n t r o p i c  l e v e l  f o r  p l o t t i n g  
E n d in g  i s e n t r o p i c  l e v e l  
L e v e l  in c r e m e n t
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NFLDU3
IF L D U 3
C0NU3
IV E L U 3
= 5 ,
= 0 . , 0 . ,  
= 1 , 0 ,
N u m b e r  o f  f i e l d s  t o  b e  p l o t t e d  
,» G E D » , 'R E L H U M ',  ! F i e l d  n a m es 
F i e l d  c o n t o u r  i n c r e m e n t  
V e l o c i t y  v e c t o r  f l a g
S u r f a c e  p l o t t i n g  i n f o r m a t i o n
U s e s  i s e n t r o p i c  p l o t t i n g  w in d o w  i n f o
N FLD S 3 *  5 ,  ! N u m b e r o f  s u r f a c e  f i e l d s  t o  p l o t
IF L D S 3  =  ' U ' , ' V ' , 'P R E S S ', 'G E O ', 'R E L H U M ', ! F i e l d  n a m es
C 0N S3 =  0 . , 0 . , 0 . , 0 . , 0 . ,  ! F i e l d  c o n t o u r  i n c r e m e n t
IV E L S 3  =  1 , 0 , 0 , 0 , 0 ,  ! V e l o c i t y  v e c t o r  f l a g
S ig m a - z  p l o t t i n g  i n f o r m a t i o n
! U s e s  i s e n t r o p i c  p l o t t i n g  w in d o w  i n f o  
IS ZB E G  =  2 , ! S t a r t i n g  s ig m a - z  l e v e l  f o r  p l o t t i n g
IS ZE N D
IS Z IN C
= 8 ,  
=  6 ,
! E n d in g  s ig m a - z  l e v e l  
! L e v e l  i n c r e m e n t
NFLDSZ
IF L D S Z
CONSZ
IV E L S Z
= 5 ,
=  ' U ' , ' V  
=  0 . , 0 . ,
=  1 , 0 ,
! N u m b e r o f  f i e l d s  t o  b e  p l o t t e d  
, 'P R E S S ' , 'T H E T A ' , 'R E L H U M ', ! F i e l d  n a m es 
! F i e l d  c o n t o u r  i n c r e m e n t  
! V e l o c i t y  v e c t o r  f l a g
" S t a t i o n " p l o t t i n g i n f o r m a t i o n
NPLTRAW *  2 5 , ! A p p r o x im a t e  n u m b e r  o f  r a w  r a w in s o n d e  
f p e r  f r a m e .  0  t u r n s  o f f  p l o t t i n g .
N S T IS 3
IS T IS 3
=  2 ,
*  'P R E SS
! N u m b e r  o f  s t a t i o n  s u r f a c e  p l o t s  
, 'R E L H U M ', 'M I X R A T ', ! F i e l d  na m e s
C r o s s - s e c t i o n  p l o t t i n g  i n f o r m a t i o n
NCR0SS3
IC R T Y P 3
IC R A 3
IC R B 3
IC R L 3
NCRFLD3
IC R F LD 3
THC0N3
AC0N3
$END
-  0 ,  ! N u m b e r  o f  c r o s s  s e c t i o n  s l a b s
=  2 , 1 ,  ! T y p e  o f  s l a b :  1 = E -W , 2 * N - S
= 1 , 1 ,  ! L e f t  w in d o w
* 3 5 , 4 3 ,  ! R i g h t  w in d o w
=  2 2 , 2 5 ,  ! C r o s s  s e c t i o n  l o c a t i o n
= 3 , ! N u m b e r  o f  p l o t s  o n  e a c h  c r o s s  s e c t i o n
=  'M IX R A T ', 'R E L H U M ', ’ T H E T A E » , ! f i e l d  na m es 
»  5 . , 5 . , 5 . ,  ! C o n t o u r  i n t e r v a l  o f  i s e n t r o p e s
=  0 . , 0 . , 0 . ,  ! C o n t o u r  i n t e r v a l  o f  o t h e r  f i e l d
F i e l d  v a lu e s  
P r e s s u r e
f o r  g r a p h i c a l  s t a g e  
I s e n t r o p i c S t a t i o n S ig m a - z
U Ü U U
V V V V
TEMP PRESS PRESS PRESS
GEO GEO TEMP THETA
RELHUM RELHUM RELHUM RELHUM
M IXR AT M IX R A T M IX R A T
THETA THETA
SPEED SPEED
ENERGY ENERGY
THETAE TH ETAE
SPRESS SPRESS
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C.8. CALMET Initialization File
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CALMET RUN U S IN G  RAMS GENERATED SURFACE AND UPPER A IR  S TA TIO N S 
JANUARY 2 8  -  FEBRUARY 1
R u n  t i t l e  ( 3  l i n e s )  -------------------—
CALMET MODEL CONTROL F IL E
IN P U T  GROUP: 0  —  In p
S u b g r o u p  ( a )
D e f a u l t  Name T y p e
G E O .D AT i n p u t
S U R F .D A T i n p u t
C LO U D .D AT i n p u t
P R E C IP .D A T i n p u t
M M 4.D AT i n p u t
W T.D A T i n p u t
C A L M E T.LS T o u t p u t
C ALM E T.D A T o u t p u t
PA CO UT.DA T o u t p u t
F i l e  Name
! GEODAT=C: \C A L P U F F \C M E T IN '1 \G E 0 6 0 0 . D AT !
! S R F D A T *C :\C A L D A T A \C H E T IN \S F C \R A M S \J 9 9 R S F C 6 .DAT
*  C LD D A T* *
*  PR C D AT* *
*  MM4DAT= *
*  W TDAT* •
! M E T L S T *C :\C A L F IN A L \C M E T O U T \J A N \J A N \J A N L .LS T  
! M E T D A T 'C :\C A L F IN A L \C M E T O U T \J A N \J A N \J A N L .D A T
*  PACDAT= *
A l l  f i l e  n a m e s  w i l l  b e  c o n v e r t e d  t o  l o w e r  c a s e  i f  L C F IL E S  =  T 
O t h e r w is e ,  i f  L C F IL E S  = P ,  f i l e  n a m e s  w i l l  b e  c o n v e r t e d  t o  UPPER CASE 
T  =  l o w e r  c a s e  ! L C F IL E S  *  T  !
F  = UPPER CASE
NUMBER OF UPPER A IR  ft OVERWATER S T A T IO N S :
N u m b e r  o f  u p p e r  a i r  s t a t i o n s  (N U S TA ) Wo d e f a u l t  ! N U S T A  = 1 !
N u m b e r o f  o v e r w a t e r  m e t s t a t i o n s
(NOWSTA) No d e f a u l t  ! NOWST A  =  0  !
•E N D !
S u b g ro u p  ( b )
U p p e r  a i r  f i l e s  ( o n e  p e r s t a t i o n )
D e f a u l t  Name T y p e F i l e  Name
U P l . DAT i n p u t 1 ! U P D A T *C :\C A L D A T A \C M E T IN \U P P E R \U P J A N 9 9 .D AT ! •E N D !
S u b g ro u p  ( c )
O v e r w a te r  s t a t i o n  f i l e s ( o n e  p e r  s t a t i o n )
D e f a u l t  Name T y p e F i l e  Name
S u b g r o u p  ( d )
O t h e r  f i l e  na m e s
D e f a u l t  Name T y p e F i l e  Name
D IA G .D A T  
PR OG .D AT
i n p u t
i n p u t
•  D IA D A T *  *  
$ PR G D AT* *
T E S T .P R T  
T E S T .O U T  
T E S T .K IN  
T E S T .F R D  
T E S T .S L P
o u t p u t
o u t p u t
o u t p u t
o u t p u t
o u t p u t
! T S T P R T * C :\C A L P U F F \C M E T 0 U "1 \W IN D S J 3 .P R T !
*  T S TO U T* •
*  T S T K IN *  •
*  TSTFR D » *
*  T S T S L P * *
NOTES : ( 1 )  F i l e / p a t h  n a m e s  c a n  b e  u p  t o  7 0  c h a r a c t e r s  i n  l e n g t h
( 2 )  S u b g ro u p s  ( a )  a n d  ( d )  m u s t  h a v e  ONE ’ EN D ’ ( s u r r o u n d  b y  
d e l i m i t e r s )  a t  t h e  e n d  o f  t h e  g r o u p
( 3 )  S u b g ro u p s  ( b )  a n d  ( c )  m u s t  h a v e  a n  ’ EN D ’ ( s u r r o u n d  b y  
d e l i m i t e r s )  a t  t h e  e n d  o f  EACH L IN E
IN P U T  GROUP: 1 —  G e n e r a l  r u n  c o n t r o l  p a r a m e te r s
S t a r t i n g  d a t e  : Y e a r  ( IB Y R )  - -  No d e f a u l t  ! IB Y R *  1 9 9 9  I
M o n th ( IB M O ) —  No d e f a u l t ! IB M O » 1 !
D a y ( IB D Y ) —  No d e f a u l t ! IB D Y = 28
H o u r ( IB H R ) - -  No d e f a u l t ! IB H R » 0  !
B a s e  t i m e  z o n e
PS T *  0 8 ,  MST =  0 7  
CST =  0 6 ,  E S T  *  0 5
( IB T Z ) —  No d e f a u l t ! IB T Z * 8  !
L e n g th  o f  r u n  ( h o u r s ) ( IR L G ) —  No d e f a u l t ! IR L G * 1 2 0
R u n  t y p e ( IR T Y P E )  —  D e f a u l t :  1 ! IR T Y P E *
0  *  C o m p u te s  w in d  f i e l d s  o n l y
1 *  C o m p u te s  w in d  f i e l d s  a n d  m ic r o m e t e o r o l o g i c a l  v a r i a b l e s
( u # ,  w * ,  L ,  z i ,  e t c . )
( IR T Y P E  m u s t  b e  1 t o  r u n  C ALPU FF o r  C A L G R ID )
C o m p u te  s p e c i a l  d a t a  f i e l d s  r e q u i r e d  
b y  C ALG R ID  ( i . e . ,  3 - D  f i e l d s  o f  W w in d  
c o m p o n e n ts  a n d  t e m p e r a t u r e )
i n  a d d i t i o n a l  t o  r e g u l a r  D e f a u l t :  T
f i e l d s  ? (LC A LG R D )
(LC ALGR D  m u s t  b e  T  t o  r u n  C A L G R ID )
! LCALGRD =  T  !
F l a g  t o  s t o p  r u n  a f t e r
SETUP p h a s e  ( IT E S T )  D e f a u l t :  2
(U s e d  t o  a l l o w  c h e c k in g
o f  t h e  m o d e l  i n p u t s ,  f i l e s ,  e t c . )
IT E S T  =  1 -  STOPS p r o g r a m  a f t e r  SETUP p h a s e  
IT E S T  =  2  -  C o n t in u e s  w i t h  e x e c u t io n  o f
CO M PUTATIONAL p h a s e  a f t e r  SETUP
IN P U T  GROUP: 2  —  G r i d  c o n t r o l  p a r a m e t e r s
H O R IZO N TAL G R ID  D E F IN IT IO N :
N o . X g r i d  c e l l s  (N X ) 
N o . Y g r i d  c e l l s  (N Y )
No d e f a u l t  
N o d e f a u l t
NX =  4 9  !
NY = 4 9  !
G R ID  SP AC IN G  (D G R ID K M ) No d e f a u l t  
U n i t s :  km
! DGRIDKM *  0 . 5  !
REFERENCE COORDINATES
o f  SOUTHWEST c o r n e r  o f  g r i d  c e l l  ( 1 , 1 )
X c o o r d i n a t e  (X G R IG K M ) 
Y c o o r d i n a t e  (Y O R IG K M )
L a t i t u d e  (X L A T O ) 
L o n g i t u d e  (XLO N O )
No d e f a u l t  
No d e f a u l t  
U n i t s :  km  
N o d e f a u l t  
No d e f a u l t
XORIGKM *  5 0 5 . 0 0 0  ! 
YORIGKM »  5 9 6 6 .0 0 0  Î
XLATO *  5 3 .8 4 0  ! 
XLONO *  1 2 2 . 9 3 0  !
UTM ZONE ( lU T M Z N )
LAMBERT CONFORMAL PARAMETERS
D e f a u l t :  0 ! lU TM Z N  = 1 0  !
R o t a t e  i n p u t  w in d s  f r o m  t r u e  n o r t h  t o  
m ap n o r t h  u s i n g  a  L a m b e r t  c o n f o r m a i  
p r o j e c t i o n ?  (L L C O N F ) D e f a u l t :  F ! LLCONF =  F !
L a t i t u d e  o f  1 s t  s t a n d a r d  p a r a l l e l  D e f a u l t  : 3 0 .  ! X L A T l =  3 0 .0 0 0  !
L a t i t u d e  o f  2 n d  s t a n d a r d  p a r a l l e l  D e f a u l t  : 6 0 .  ! X L A T 2  =  6 0 .0 0 0  !
( X L A T l a n d  X L A T 2 ; +  i n  N H , -  i n  SH )
L o n g i t u d e  (RLO N O )
( u s e d  o n l y  i f  LLC ON F *  T )  
( P o s i t i v e  »  W. H e m is p h e r e ;
N e g a t i v e  =  E . H e m is p h e r e )  
O r i g i n  L a t i t u d e  (R L A T O ) 
( u s e d  o n l y  i f  IP R 0 6  > 2 )  
( P o s i t i v e  =  N . H e m is p h e r e ;
N e g a t i v e  = S . H e m is p h e r e )
D e f a u l t  =  9 0 .  ! RLONO = 9 0 .0 0 0  !
! RLATO *  4 0 .0 0 0  !
V e r t i c a l  g r i d  d e f i n i t i o n :
N o . o f  v e r t i c a l  l a y e r s  (N Z ) N o d e f a u l t
C e l l  f a c e  h e i g h t s  i n  a r b i t r a r y  
v e r t i c a l  g r i d  (Z F A C E (N Z + 1 ) )  N o d e f a u l t s  
U n i t s :  m
! ZFAC E “  0 . , 2 0 . , 5 0 . , 1 0 0 . , 2 5 0 . , 5 0 0 . , 1 0 0 0 . . 1 5 0 0 .
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IN P V T  GROUP: 3  —  O u t p u t  O p t io n s
D IS K  OUTPUT O P TIO N
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S a v e  m e t .  f i e l d s  i n  a n  u n f o r m a t t e d
o u t p u t  f i l e  ? (L S A V E ) D e f a u l t :  T
(F  =  Do n o t  s a v e ,  T  = S a v e )
! LS AV E =  T  {
T y p e  o f  u n f o r m a t t e d  o u t p u t  f i l e :
( IF O R M O ) D e f a u l t :  1
1 =  C A L P U F F /C A L G R ID  t y p e  f i l e  (C A L M E T .D A T )
2  =  M E S O P U F F - II t y p e  f i l e  (P A C O U T .D A T )
L IN E  P R IN T E R  OUTPUT O P TIO N S :
P r i n t  m e t . f i e l d s  ? (L P R IN T )  D e f a u l t  : F
(F  =  Do n o t  p r i n t ,  T  *  P r i n t )
(N O T E : p a r a m e t e r s  b e lo w  c o n t r o l  w h ic h  
m e t .  v a r i a b l e s  a r e  p r i n t e d )
! L P R IN T  »  F !
P r i n t  i n t e r v a l
( IP R IN F )  i n  h o u r s  D e f a u l t :  1
( M e t e o r o l o g i c a l  f i e l d s  a r e  p r i n t e d  
e v e r y  6  h o u r s )
IP R IN F  = 6  !
S p e c i f y  w h ic h  l a y e r s  o f  U ,  V  w in d  c o m p o n e n t
t o  p r i n t  ( IU V O U T ( N Z ) )  —  N O TE: NZ v a lu e s  m u s t  b e  e n t e r e d
( 0 * D o  n o t  p r i n t ,  l * P r i n t )
( u s e d  o n l y  i f  L P R IN T = T )  D e f a u l t s ;  N Z *0
! lU V O U T  = i , 0 , 0 , 0 , 0 , 0 , 0 , 0 !
S p e c i f y  w h ic h  l e v e l s  o f  t h e  W w in d  c o m p o n e n t  t o  p r i n t  
(N O T E : W d e f i n e d  a t  TOP c e l l  f a c e  —  8  v a l u e s )
( IW O U T (N Z ))  —  NOTE: NZ v a l u e s  m u s t  b e  e n t e r e d  
( 0 * D o  n o t  p r i n t ,  l = P r i n t )
( u s e d  o n l y  i f  L P R IN T » T  ft LC A LG R D =T)
D e f a u l t s :  N Z *0
! IW OUT » 0 ,  0 , 0 ,  0 , 0 ,  0 , 0 , 0 !
S p e c i f y  w h ic h  l e v e l s  o f  t h e  3 - D  t e m p e r a t u r e  f i e l d  t o  p r i n t  
( IT O U T (N Z ) )  - -  NOTE: NZ v a l u e s  m u s t  b e  e n t e r e d  
( 0 * D o  n o t  p r i n t ,  l » P r i n t )
( u s e d  o n l y  i f  L P R IN T * T  ft LC A LG R D =T)
D e f a u l t s :  N Z *0
I IT O U T  = 1 , 0 , 0 , 0 , 0 , 0 , 0 , 0 !
S p e c i f y  w h ic h  m e t e o r o l o g i c a l  f i e l d s  
t o  p r i n t
( u s e d  o n l y  i f  L P R IN T = T )  D e f a u l t s ;  0  ( a l l  v a r i a b l e s )
( 0  =  d o  n o t  p r i n t ,  
1 =  p r i n t )
S T A B IL IT Y 1 -  PGT s t a b i l i t y  c l a s s
US TAR = 1 -  F r i c t i o n  v e l o c i t y
MONIN = 1 -  M o n in - O b u k h o v  l e n g t h
M IX H T = 1 -  M ix i n g  h e i g h t
WSTAR » 1 -  C o n v e c t i v e  v e l o c i t y  s c a le
P R E C IP 1 -  P r e c i p i t a t i o n  r a t e
SENSHEAT 0 -  S e n s i b le  h e a t  f l u x
C O N VZI = 0 -  C o n v e c t i v e  m ix i n g  h t .
T e s t in g  a n d  d e b u g  p r i n t  o p t i o n s  f o r  m ic r o m e t e o r o l o g i c a l  m o d u le  
P r i n t  i n p u t  m e t e o r o l o g i c a l  d a t a  a n d
i n t e r n a l  v a r i a b l e s  (L D B )  D e f a u l t :  F ! LDB =  F
( F  =  Do n o t  p r i n t ,  T  »  p r i n t )
(N O T E : t h i s  o p t i o n  p r o d u c e s  l a r g e  a m o u n ts  o f  o u t p u t )
F i r s t  t i m e  s t e p  f o r  w h ic h  d e b u g  d a t a
a r e  p r i n t e d  ( N N l )  D e f a u l t :  1
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L a s t  t i m e  s t e p  f o r  w h ic h  d e b u g  d a t a
a r e  p r i n t e d  (N N 2 ) D e f a u l t  : 1
T e s t in g  a n d  d e b u g  p r i n t  o p t i o n s  f o r  w in d  f i e l d  m o d u le  
( a l l  o f  t h e  f o l l o w i n g  p r i n t  o p t i o n s  c o n t r o l  o u t p u t  t o  
w in d  f i e l d  m o d u le ’ s o u t p u t  f i l e s :  T E S T .P R T , T E S T .O U T , 
T E S T .K IN ,  T E S T .F R D , a n d  T E S T .S L P )
C o n t r o l  v a r i a b l e  f o r  w r i t i n g  t h e  t e s t / d e b u g  
w in d  f i e l d s  t o  d i s k  f i l e s  ( IG U T D )
(0 = D o  n o t  w r i t e ,  l = * w r i t e )  D e f a u l t :  0  !
N u m b e r o f  l e v e l s ,  s t a r t i n g  a t  t h e  s u r f a c e , 
t o  p r i n t  (N Z P R N 2 ) D e f a u l t :  1 !
P r i n t  t h e  IN TER PO LATE D  w in d  c o m p o n e n ts  ?
( IP R O )  ( 0 = n o ,  I s y e s )  D e f a u l t :  0  !
P r i n t  t h e  T E R R A IN  ADJUSTED s u r f a c e  w in d  
c o m p o n e n ts  ?
( I P R l )  ( 0 = n o ,  l = y e s )  D e f a u l t :  0  !
P r i n t  t h e  SMOOTHED w in d  c o m p o n e n ts  a n d  
t h e  I N I T I A L  D IVERG EN C E f i e l d s  ?
( IP R 2 )  ( 0 = n o ,  l * y e s )  D e f a u l t :  0 IP R 2  =  0  !
P r i n t  t h e  F IN A L  w in d  s p e e d  a n d  d i r e c t i o n  
f i e l d s  ?
( IP R 3 )  ( 0 * n o ,  l = y e s )  D e f a u l t :  0 IP R 3  =  1 !
P r i n t  t h e  F IN A L  DIVERG ENCE f i e l d s  ?
( IP R 4 )  ( 0 = n o ,  l * y e s )  D e f a u l t :  0 IP R 4  =  0  !
P r i n t  t h e  w in d s  a f t e r  K IN E M A T IC  e f f e c t s  
a r e  a d d e d  ?
( IP R 5 )  ( 0 = n o ,  l= y e s )  D e f a u l t :  0 IP R 5  = 0  r
P r i n t  t h e  w in d s  a f t e r  t h e  FROUDE NUMBER 
a d ju s t m e n t  i s  m ade ?
( IP R 6 )  ( 0 * n o ,  l= y e s )  D e f a u l t :  0
P r i n t  t h e  w in d s  a f t e r  SLOPE FLOWS 
a r e  a d d e d  ?
( IP R 7 )  ( 0 = n o ,  l= y e s )  D e f a u l t :  0
P r i n t  t h e  F IN A L  w in d  f i e l d  c o m p o n e n ts  ? 
( IP R 8 )  ( 0 * n o ,  l = y e s )  D e f a u l t  : 0
( IP R 8 )  ( 0 = n o ,  l = y e s ) D e f a u l t  : 0
IN P U T  GROUP: 4  —  M e t e o r o l o g i c a l  d a t a  o p t i o n s
NUMBER OF SURFACE & P R E C IP . M ETEOROLOGICAL S TA TIO N S
N u m b e r o f  s u r f a c e  s t a t i o n s  (N S S T A ) No d e f a u l t  ! N SSTA =  7
N u m b e r o f  p r e c i p i t a t i o n  s t a t i o n s
(N P S T A ) No d e f a u l t  ! NPSTA -  0
CLOUD DATA O PTIO N S
G r i d d i d  c l o u d  f i e l d s  :
( IC L O U D ) D e f a u l t :  0  ! IC LO U D  =  0
IC LO U D  =  0  -  G r id d e d  c lo u d s  n o t  u s e d
IC LO U D  *  1 -  G r id d e d  CLOU D . DAT g e n e r a t e d  a s  OUTPUT
IC LO U D  = 2  -  G r id d e d  C LO U D .D AT  r e a d  a s  IN P U T
F IL E  FORMATS
S u r f a c e  m e t e o r o l o g i c a l  d a t a  f i l e  f o r m a t
(IF O R M S ) D e f a u l t :  2  ! IFORM S -= 2
( 1  *  u n f o r m a t t e d  ( e . g . ,  SMERGE o u t p u t ) )
( 2  -  f o r m a t t e d  ( f r e e - f o r m a t t e d  u s e r  i n p u t ) )
P r e c i p i t a t i o n  d a t a  f i l e  f o r m a t
(IF O R M P ) D e f a u l t :  2  ! IFO R M P *  2
( 1  -  u n f o r m a t t e d  ( e . g . , PMERGE o u t p u t ) )
( 2  = f o r m a t t e d  ( f r e e - f o r m a t t e d  u s e r  i n p u t ) )
C lo u d  d a t a  f i l e  f o r m a t
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( IF O R M C ) D e f a u l t :  2  ! IPORMC =
( 1  = u n f o r m a t t e d  -  CALM ET u n f o r m a t t e d  o u t p u t )
( 2  «  f o r m a t t e d  -  f r e e - f o r m a t t e d  CALMET o u t p u t  o r  u s e r  i n p u t )
IN P U T  GROUP: 5  —  W in d  F i e l d  O p t io n s  a n d  P a r a m e te r s
W IND F IE L D  MODEL OPTIO N S
M o d e l s e l e c t i o n  v a r i a b l e  (IW FC O D )
0  =  O b je c t i v e  a n a l y s i s  o n l y
1 =  D i a g n o s t i c  w in d  m o d u le
! IW FCOD =  1 !
C o m p u te  F r o u d e  n u m b e r  a d ju s t m e n t  
e f f e c t s  ? ( IF R A D J )
(0  *  N O, 1 *  YE S)
C o m p u te  k i n e m a t i c  e f f e c t s  
( 0  *  N O . 1 =  Y E S )
? ( I K I N E )  D e f a u l t :  0
! IF R A D J  =  1 !
! IK IN E  =  0  !
U se O 'B r ie n  p r o c e d u r e  f o r  a d ju s t m e n t  
o f  t h e  v e r t i c a l  v e l o c i t y  ? ( lO B R )
(0  = N O, 1 = Y E S )
C o m p u te  s l o p e  f l o w  e f f e c t s  
( 0  =  N O, 1 =  YE S)
( IS L O P E )  D e f a u l t :  1
E x t r a p o la t e  s u r f a c e  w in d  o b s e r v a t i o n s  
t o  u p p e r  l a y e r s  ? ( lE X T R P )  D e f a u l t  :
( 1  =  n o  e x t r a p o l a t i o n  i s  d o n e ,
2 -  p o w e r  l a w  e x t r a p o l a t i o n  u s e d ,
3 =  u s e r  i n p u t  m u l t i p l i c a t i v e  f a c t o r s
f o r  l a y e r s  2  -  NZ u s e d  ( s e e  FEXTR P a r r a y )
4  = s i m i l a r i t y  t h e o r y  u s e d
- 1 ,  - 2 ,  - 3 ,  - 4  =  sam e a s  a b o v e  e x c e p t  l a y e r  1 
a t  u p p e r  a i r  s t a t i o n s  a r e  i g n o r e d
E x t r a p o la t e  s u r f a c e  w in d s  e v e n  
i f  c a lm ?  ( IC A L M )
(0  =  N O, 1 = YE S)
lE X T R P  =  - 4
D e f a u l t  : 0
L a y e r - d e p e n d e n t  b i a s e s  m o d i f y in g  t h e  w e ig h t s  o f  
s u r f a c e  a n d  u p p e r  a i r  s t a t i o n s  ( B IA S ( N Z ) )
- K * B I A S < = 1
N e g a t i v e  B IA S  r e d u c e s  t h e  w e ig h t  o f  u p p e r  a i r  s t a t i o n s  
( e . g .  B I A S - - 0 . 1  r e d u c e s  t h e  w e ig h t  o f  u p p e r  a i r  s t a t i o n s  
b y  10% ; B IA S *  - 1 ,  r e d u c e s  t h e i r  w e ig h t  b y  1 0 0  %)
P o s i t i v e  B IA S  r e d u c e s  t h e  w e ig h t  o f  s u r f a c e  s t a t i o n s  
( e . g .  B IA S *  0 . 2  r e d u c e s  t h e  w e ig h t  o f  s u r f a c e  s t a t i o n s  
b y  2 0 % ; B IA S * 1  r e d u c e s  t h e i r  w e ig h t  b y  100% )
Z e r o  B IA S  le a v e s  w e i g h t s  u n c h a n g e d  ( 1 / R * * 2  i n t e r p o l a t i o n )  
D e f a u l t  : N Z *0
! B IA S  *  - 1  , - 1  , - 1  , - . 5  , 0  ,
M in im u m  d i s t a n c e  f r o m  n e a r e s t  u p p e r  a i r  s t a t i o n  
t o  s u r f a c e  s t a t i o n  f o r  w h ic h  e x t r a p o l a t i o n  
o f  s u r f a c e  w in d s  a t  s u r f a c e  s t a t i o n  w i l l  b e  a l l o w e d  
(R M IN 2 : S e t  t o  - 1  f o r  lE X T R P  *  4  o r  o t h e r  s i t u a t i o n s  
w h e re  a l l  s u r f a c e  s t a t i o n s  s h o u ld  b e  e x t r a p o l a t e d )
D e f a u l t :  4 . ! R M IN 2 *  4 . 0  !
U se  g r i d d e d  p r o g n o s t i c  w in d  f i e l d  m o d e l 
o u t p u t  f i e l d s  a s  i n p u t  t o  t h e  d i a g n o s t i c
w in d  f i e l d  m o d e l  ( IP R O G ) D e f a u l t  : 0  ! IP R Q 6  *  0  !
( 0  *  N o ,  [IW FC O D  *  0  o r  1 ]
1 =  Y e s ,  u s e  CSUMM p r o g ,  w in d s  a s  S t e p  1 f i e l d ,  [IW FC O D  =  0 ]
2  =  Y e s ,  u s e  CSUMM p r o g ,  w in d s  a s  i n i t i a l  g u e s s  f i e l d  [IW FC O D  =  1 ]
3  *  Y e s ,  u s e  w in d s  f r o m  M M 4.D AT f i l e  a s  S t e p  1 f i e l d  [IW FC O D  *  0 ]
4  = Y e s ,  u s e  w in d s  f r o m  M M 4.D A T  f i l e  a s  i n i t i a l  g u e s s  f i e l d  [IW FC O D  *  1 ]
5  *  Y e s ,  u s e  w in d s  f r o m  M M 4.D AT f i l e  a s  o b s e r v a t i o n s  [IW FC O D  *  1 ]
1 3  =  Y e s ,  u s e  w in d s  f r o m  M M 5.D AT f i l e  a s  S t e p  1 f i e l d  [IW FC O D  *  0 ]
1 4  *  Y e s ,  u s e  w in d s  f r o m  M M 5.D A T  f i l e  a s  i n i t i a l  g u e s s  f i e l d  [IW FC O D  *  1 ]
1 5  *  Y e s ,  u s e  w in d s  f r o m  M M 5.D A T  f i l e  a s  o b s e r v a t i o n s  [IW FC O D  *  1 ]
R AD IU S OF IN F LU E N C E  PARAMETERS
U s e  v a r y i n g  r a d i u s  o f  i n f l u e n c e  D e f a u l t  : F  ! LVAR Y *  F !
( i f  n o  s t a t i o n s  a r e  f o u n d  w i t h i n  R M A X 1.R M A X 2,
o r  R M A X3, t h e n  t h e  c l o s e s t  s t a t i o n  w i l l  b e  u s e d )
M a x im u m  r a d i u s  o f  i n f l u e n c e  o v e r  l a n d
i n  t h e  s u r f a c e  l a y e r  (R M A X l)  No d e f a u l t
U n i t s :  km
M a x im um  r a d iu s  o f  i n f l u e n c e  o v e r  l a n d
! R M A Xl *  1 5 .
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a l o f t  (R M A X 2) N o d e f a u l t  
U n i t s :  km
M a x im u m  r a d i u s  o f  i n f l u e n c e  o v e r  w a t e r
(R M AX 3) No d e f a u l t  
U n i t s :  km
! RMAX2 =  5 .  !
! RMAX3 » 1 0 .  !
OTHER W IND F IE L D  IN P U T  PARAMETERS
M in im u m  r a d iu s  o f  i n f l u e n c e  u s e d  i n  
t h e  w in d  f i e l d  i n t e r p o l a t i o n  (R M IN )
R a d iu s  o f  i n f l u e n c e  o f  t e r r a i n  
f e a t u r e s  (TER R A D )
D e f a u l t  : 0 . 1  
U n i t s :  km
R M IN  =  0 . 1  !
! TERRAD *  1 0 .  !
R e l a t i v e  w e i g h t i n g  o f  t h e  f i r s t  
g u e s s  f i e l d  a n d  o b s e r v a t i o n s  i n  t h e  
SURFACE l a y e r  ( R l )
( R l  i s  t h e  d i s t a n c e  f r o m  a n  
o b s e r v a t i o n a l  s t a t i o n  a t  w h ic h  t h e  
o b s e r v a t i o n  a n d  f i r s t  g u e s s  f i e l d  a r e  
e q u a l l y  w e ig h t e d )
R e l a t i v e  w e i g h t i n g  o f  t h e  f i r s t  
g u e s s  f i e l d  a n d  o b s e r v a t i o n s  i n  t h e  
l a y e r s  A LO FT ( R 2 )
(R 2  i s  a p p l i e d  i n  t h e  u p p e r  l a y e r s  
i n  t h e  sam e m a n n e r  a s  R l  i s  u s e d  i n  
t h e  s u r f a c e  l a y e r ) .
No d e f a u l t  
U n i t s :  km
No d e f a u l t  
U n i t s :  km
R e l a t i v e  w e i g h t i n g  p a r a m e t e r  o f  t h e  
p r o g n o s t i c  w in d  f i e l d  d a t a  (R P R 0 6 ) No d e f a u l t  
( U s e d  o n l y  i f  IPRO G *  1 )  U n i t s :  km
M a x im u m  a c c e p t a b le  d i v e r g e n c e  i n  t h e  
d i v e r g e n c e  m i n i m i z a t i o n  p r o c e d u r e  
( D IV L IM ) D e f a u l t :  5 . E - 6  ! D IV L IM *  5 . 0 E - 0 6  !
M a x im um  n u m b e r  o f  i t e r a t i o n s  i n  t h e  
d i v e r g e n c e  m in .  p r o c e d u r e  (N IT E R )
N u m b e r o f  p a s s e s  i n  t h e  s m o o th in g  
p r o c e d u r e  (N S M T H (N Z ))
N OTE: NZ v a lu e s  m u s t  b e  e n t e r e d
D e f a u l t :  2 , ( m x n z - l ) * 4  ! NSMTH *  
4 , 4 , 4 , 4 , 4 , 4 , 4 1
M a x im u m  n u m b e r  o f  s t a t i o n s  u s e d  i n  
e a c h  l a y e r  f o r  t h e  i n t e r p o l a t i o n  o f  
d a t a  t o  a  g r i d  p o i n t  ( N IN T R 2 (N Z ) )  
N OTE: NZ v a lu e s  m u s t  b e  e n t e r e d  
9 9  , 9 9  , 9 9  , 9 9  , 9 9  , 9 9  ,
D e f a u l t  : 9 9 .  
9 9  !
C r i t i c a l  F r o u d e  n u m b e r  (C R IT F N ) D e f a u l t :  1 . 0
E m p i r i c a l  f a c t o r  c o n t r o l l i n g  t h e  
i n f l u e n c e  o f  k i n e m a t i c  e f f e c t s  
(A L P H A ) D e f a u l t :  0 . 1  ! ALPHA *  0 . 1
M u l t i p l i c a t i v e  s c a l i n g  f a c t o r  f o r
e x t r a p o l a t i o n  o f  s u r f a c e  o b s e r v a t i o n s
t o  u p p e r  l a y e r s  ( F E X T R 2 (N Z ))  D e f a u l t :  N Z * 0 .0
! FE X TR 2 =  0 . ,  0 . ,  0 . ,  0 . ,  0 . ,  0 . ,  0 . ,  0 .  '
(U s e d  o n l y  i f  lE X T R P  » 3  o r  - 3 )
BA R R IE R  IN FO R M A TIO N
N u m b e r o f  b a r r i e r s  t o  i n t e r p o l a t i o n
o f  t h e  w in d  f i e l d s  (N E A R ) D e f a u l t :  0
THE FOLLOW ING 4  V A R IA B L E S  ARE IN C LU D ED  
ONLY I F  NEAR > 0
N OTE: NEAR v a lu e s  m u s t  b e  e n t e r e d  No d e f a u l t s
f o r  e a c h  v a r i a b l e  U n i t s :  km
X c o o r d i n a t e  o f  B E G IN N IN G
o f  e a c h  b a r r i e r  (X B B A R (N B A R ))  ! XBBAR *  0 .  !
Y c o o r d i n a t e  o f  B E G IN N IN G
o f  e a c h  b a r r i e r  (Y B B A R (N B A R )) f YBBAR «  0 .  J
X c o o r d i n a t e  o f  ENDING
o f  e a c h  b a r r i e r  (X E B A R (N B A R ))  ! XEBAR *  0 .  !
Y  c o o r d i n a t e  o f  ENDING
o f  e a c h  b a r r i e r  (Y E B A R (N B A R ))  ! YEBAR *  0 .  !
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D IA G N O S T IC  MODULE DATA IN P U T  O PTIONS
S u r f a c e  t e m p e r a t u r e  ( I D I O P T l )
0  “  C o m p u te  i n t e r n a l l y  f r o m
h o u r l y  s u r f a c e  o b s e r v a t i o n s
1 =  R e a d  p r e p r o c e s s e d  v a lu e s  f r o m
a  d a t a  f i l e  (D IA G .D A T )
! ID IO P T l  *  0  !
S u r f a c e  m e t .  s t a t i o n  t o  u s e  f o r
t h e  s u r f a c e  t e m p e r a t u r e  ( IS U R F T )  No d e f a u l t
( M u s t  b e  a  v a l u e  f r o m  1 t o  N SSTA)
(U s e d  o n l y  i f  ID IO P T l  = 0 )
D o m a in - a v e r a g e d  t e m p e r a t u r e  la p s e
r a t e  ( I D I 0 P T 2 )  D e f a u l t :  0
0  *  C o m p u te  i n t e r n a l l y  f r o m
t w i c e - d a i l y  u p p e r  a i r  o b s e r v a t i o n s
1 =  R e a d  h o u r l y  p r e p r o c e s s e d  v a lu e s
f r o m  a  d a t a  f i l e  (D IA G .D A T )
U p p e r  a i r  s t a t i o n  t o  u s e  f o r
t h e  d o m a in - s c a le  l a p s e  r a t e  ( lU P T )  No d e f a u l t
(M u s t  b e  a  v a l u e  f r o m  1 t o  N U STA)
(U s e d  o n l y  i f  ID I0 P T 2  = 0 )
D e p th  t h r o u g h  w h ic h  t h e  d o m a in - s c a le
l a p s e  r a t e  i s  c o m p u te d  (Z U P T ) D e f a u l t :  2 0 0 .  ! ZU PT = 2 0 0 .  !
( U s e d  o n l y  i f  ID IQ P T 2  -  0 )  U n i t s  : m e te r s
D o m a in - a v e r a g e d  w in d  c o m p o n e n ts  
( ID I0 P T 3 )  D e fa
0  =  C o m p u te  i n t e r n a l l y  f r o m
t w i c e - d a i l y  u p p e r  a i r  o b s e r v a t i o n s
1 =  R e a d  h o u r l y  p r e p r o c e s s e d  v a lu e s
a  d a t a  f i l e  ( D IA G .D A T )
! ID I0 P T 3  =  0  !
U p p e r  a i r  s t a t i o n  t o  u s e  f o r
t h e  d o m a in - s c a le  w in d s  ( lU P W N D ) D e f a u l t ;  - 1  ! lUPW ND =  - 1
( M u s t  b e  a  v a l u e  f r o m  - 1  t o  NUSTA)
( U s e d  o n l y  i f  ID I0 P T 3  *  0 )
B o t to m  a n d  t o p  o f  l a y e r  t h r o u g h  
w h ic h  t h e  d o m a in - s c a le  w in d s  
a r e  c o m p u te d
( Z U P W N D ( l) ,  Z U P W N D (2 ))  D e f a u l t s :  1 . ,  1 0 0 0 .  ! ZUPWND» 1 . ,  2 0 0 0 .  !
( U s e d  o n l y  i f  ID I0 P T 3  *  0 )  U n i t s :  m e te r s
O b s e r v e d  s u r f a c e  w in d  c o m p o n e n ts
f o r  w in d  f i e l d  m o d u le  ( ID I0 P T 4 )  D e f a u l t :  0
0  -  R e a d  W S, WD f r o m  a  s u r f a c e
d a t a  f i l e  (S U R F .D A T )
1 -  R e a d  h o u r l y  p r e p r o c e s s e d  U ,  V  f r o m
a  d a t a  f i l e  ( D IA G .D A T )
! ID IQ P T 4  =  0
O b s e r v e d  u p p e r  a i r  w in d  c o m p o n e n ts
f o r  w in d  f i e l d  m o d u le  ( ID I0 P T 5 )  D e f a u l t  : 0
0  -  R e a d  WS, WD f r o m  a n  u p p e r
a i r  d a t a  f i l e  ( U P l.D A T ,  U P 2 .D A T , e t c . )
1 -  R e a d  h o u r l y  p r e p r o c e s s e d  U ,  V  f r o m
a  d a t a  f i l e  (D IA G .D A T )
LA KE BREEZE IN FO R M ATIO N
U s e  L a k e  B r e e z e  M o d u le  (L L B R E Z E )
D e f a u l t :  F 
N u m b e r o f  l a k e  b r e e z e  r e g io n s  (NB O X)
X G r i d  l i n e  1 d e f i n i n g  t h e  r e g i o n  o f  i n t e r e s t
X G r i d  l i n e  2  d e f i n i n g  t h e  r e g i o n  o f  i n t e r e s t
Y G r i d  l i n e  1 d e f i n i n g  t h e  r e g i o n  o f  i n t e r e s t
Y G r i d  l i n e  2  d e f i n i n g  t h e  r e g i o n  o f  i n t e r e s t
! LL B R E ZE  =  F ! 
! NBOX = 0  !
X G l *  0 .
XG2 »  0 .
Y G l *  0 .
! YQ2 = 0 .
X P o i n t  d e f i n i n g  t h e  c o a s t l i n e  ( S t r a i g h t  l i n e )
(X B C S T ) (K M ) D e f a u l t :  n o n e  ! XBCST =  0 .  !
Y P o i n t  d e f i n i n g  t h e  c o a s t l i n e  ( S t r a i g h t  l i n e )
(Y B C S T ) (K M ) D e f a u l t :  n o n e  ! YBCST = 0 .  !
X P o i n t  d e f i n i n g  t h e  c o a s t l i n e  ( S t r a i g h t  l i n e )
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(X E C S T ) (K M ) D e f a u l t :  n o n e  ! XECST » 0 .  !
Y  P o i n t  d e f i n i n g  t h e  c o a s t l i n e  ( S t r a i g h t  l i n e )
(Y E C S T ) (K M ) D e f a u l t :  n o n e  ! YECST » 0 .  !
N u m b e r o f  s t a t i o n s  i n  t h e  r e g i o n  D e f a u l t :  n o n e  ! NLB « * 1  ! *  
( S u r f a c e  s t a t i o n s  +  u p p e r  a i r  s t a t i o n s )
S t a t i o n  I D ' s  i n  t h e  r e g i o n  (M E T B X ID (N L B ) )
( S u r f a c e  s t a t i o n s  f i r s t ,  t h e n  u p p e r  a i r  s t a t i o n s )
! M E TB X ID  = * 0  ! *
IN P U T  GROUP: 6  —  M ix i n g  H e i g h t ,  T e m p e r a tu r e  a n d  P r e c i p i t a t i o n  P a r a m e te r s
E M P IR IC A L  M IX IN G  H E IG H T  CONSTANTS
N e u t r a l ,  m e c h a n ic a l  e q u a t i o n  
(CO NSTB)
C o n v e c t i v e  m ix i n g  h t .  e q u a t i o n  
(CO NSTE)
S t a b le  m ix i n g  h t .  e q u a t i o n  
(CO NSTN)
O v e r w a te r  m ix i n g  h t .  e q u a t i o n  
(CONSTW)
A b s o lu t e  v a lu e  o f  C o r i o l i s  
p a r a m e t e r  (F C O R ID L )
S P A T IA L  AVER AGING OF M IX IN G  H EIG H TS
C o n d u c t  s p a t i a l  a v e r a g in g  
( lA V E Z I )  ( 0 = n o ,  l = y e s )
M a x . s e a r c h  r a d i u s  i n  a v e r a g in g  
p r o c e s s  (MNMDAV)
H a l f - a n g l e  o f  u p w in d  l o o k i n g  c o n e  
f o r  a v e r a g in g  (HA FAN G )
L a y e r  o f  w in d s  u s e d  i n  u p w in d  
a v e r a g in g  ( I L E V Z I )
( m u s t  b e  b e tw e e n  1 a n d  N Z )
D e f a u l t : 1 . 4 1 ! CONSTB =  1 . 4 1  !
D e f a u l t : 0 . 1 5 ! CONSTE =  0 . 1 5  !
D e f a u l t : 2 4 0 0 . ! CONSTN =  2 4 0 0 . !
D e f a u l t : 0 . 1 6 ! CONSTW = 0 . 1 6  !
D e f a u l t : l . E - 4 ! FC O R IO L s  l . O E - 0 4 !
U n i t  s : ( 1 / s )
D e f a u l t : 1 ! lA V E Z I  =  1 I
D e f a u l t : 1 ! MNMDAV =  3  !
U n i t s  : G r i d  
c e l l s
D e f a u l t :  3 0 .  ! HAFANG *  3 0 .  !
U n i t s :  d e g .
D e f a u l t  : 1 ! I L E V Z I  = 1 !
OTHER M IX IN G  H E IG H T  V A R IA B L E S
M in im u m  p o t e n t i a l  t e m p e r a t u r e  la p s e  
r a t e  i n  t h e  s t a b l e  l a y e r  a b o v e  t h e  
c u r r e n t  c o n v e c t i v e  m ix i n g  h t .  
(D P T M IN )
D e p th  o f  l a y e r  a b o v e  c u r r e n t  c o n v .  
m ix i n g  h e i g h t  t h r o u g h  w h ic h  l a p s e  
r a t e  i s  c o m p u te d  ( D Z Z I )
M in im u m  o v e r la n d  m ix i n g  h e i g h t  
( Z IM IN )
M a x im um  o v e r la n d  m ix i n g  h e i g h t  
(Z IM A X )
M in im u m  o v e r w a t e r  m ix i n g  h e i g h t  
(Z IM IN W ) —  ( N o t  u s e d  i f  o b s e r v e d  
o v e r w a t e r  m ix i n g  h t s .  a r e  u s e d )  
M a x im u m  o v e r w a t e r  m ix i n g  h e i g h t  
(Z IM A X W ) —  ( N o t  u s e d  i f  o b s e r v e d  
o v e r w a t e r  m ix i n g  h t s .  a r e  u s e d )
D e f a u l t :  0 . 0 0 1  ! D P TM IN  =  0 . 0 0 1  !
U n i t s :  d e g .  K /m
D e f a u l t :  2 0 0 .  ! D Z Z I =  2 0 0 .  !
U n i t s :  me-
D e f a u l t :  5 0 .
U n i t s :  me- 
D e f a u l t  :
U n i t  s : me 
D e f a u l t  :
U n i t s :  me
D e f a u l t  :
U n i t s :  me
! Z IM IN  *  5 0 .  !
1 Z IM A X  « 3 0 0 0 .  !0 0 0 .
5 0 .  ! Z IM IN W  » 5 0 .  !
0 0 0 .  ! ZIMAXW  =  3 0 0 0 .  !
TEMPERATURE PARAMETERS
I n t e r p o l a t i o n  t y p e  
(1  *  1 / R  ; 2  *  1 / R * * 2 )
R a d iu s  o f  i n f l u e n c e  f o r  t e m p e r a t u r e  
i n t e r p o l a t i o n  (TRADKM ) D e f a u l t  : 5 0 0 .  
U n i t s  : km
! TRADKM = 5 0 0 .
M a x im um  N u m b e r  o f  s t a t i o n s  t o  i n c l u d e  
i n  t e m p e r a t u r e  i n t e r p o l a t i o n  (N U M TS) D e f a u l t :  5
C o n d u c t  s p a t i a l  a v e r a g in g  o f  te m p ­
e r a t u r e s  ( lA V E T )  ( 0 = n o ,  l = y e s )  
( w i l l  u s e  m ix i n g  h t  MNMDAV,HAFANG
D e f a u l t  : 1
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8 0  m a k e  s u r e  t h e y  a r e  c o r r e c t )
D e f a u l t  t e m p e r a t u r e  g r a d i e n t  
b e lo w  t h e  m ix i n g  h e i g h t  o v e r  
w a t e r  ( K /m )  (T G D E FB )
D e f a u l t  t e m p e r a t u r e  g r a d i e n t  
a b o v e  t h e  m ix i n g  h e i g h t  o v e r  
w a t e r  ( K /m )  (T G D E FA )
D e f a u l t :  - . 0 0 9 8  ! TGDEFB
D e f a u l t :  - . 0 0 4 5  ! TGDEFA
B e g in n in g  ( J W A T l)  a n d  e n d i n g  (JW A T 2 ) 
l a n d  u s e  c a t e g o r i e s  f o r  t e m p e r a t u r e  
i n t e r p o l a t i o n  o v e r  w a t e r  —  M ake 
b i g g e r  t h a n  l a r g e s t  l a n d  u s e  t o  d i s a b l e
! JW A T l *  9 9 9 9  
! JW AT2 =  9 9 9 9
P R E C IP  IN T E R P O LA T IO N  PARAMETERS
M e th o d  o f  i n t e r p o l a t i o n  (N F L A G P ) 
( 1 = 1 / R , 2 = 1 / R * * 2 , 3 = E X P / R * * 2 )
R a d iu s  o f  I n f l u e n c e  (k m )  (S IG M A P ) 
( 0 . 0  =>  u s e  h a l f  d i s t .  b t w n  
n e a r e s t  s t n s  w f t  w / o u t  
p r e c i p  w h e n  NFLAG P -  3 )
M in im u m  P r e c i p .  R a te  C u t o f f  ( m m /h r )  
( v a l u e s  < CUTP =  0 . 0  m m /h r )
D e f a u l t  =  2  ! NFLAG P =  3
D e f a u l t  =  1 0 0 . 0  ! S IG M AP *  1
0 . 0 1  ! CUTP
IN P U T  GROUP: 7  —  S u r f a c e  m e t e o r o l o g i c a l  s t a t i o n  p a r a m e te r s
SURFACE S T A T IO N  V A R IA B L E S
(O n e  r e c o r d  p e r  s t a t i o n  —  7  r e c o r d s  i n  a l l )
Name ID
(k m )
Y c o o r d .
(k m )
T im e
1
S S I « 'A E S ' 1 0 9 6 4 5 2 4 . 0 7 0 5 9 7 6 .8 8 0 8 10
SS2 « ’ U N I» 2 5 1 2 . 1 9 6 5 9 7 1 .6 6 7 8 1 0
SS3 = 'P L Z ' 3 5 1 7 . 0 0 0 5 9 7 3 .9 7 5 8 10
SS4 *» P G P ’ 4 5 2 0 . 7 5 0 5 9 7 4 .6 5 0 8 10
SS5 = 'N R D ' 5 5 2 0 . 7 5 0 5 9 7 9 .7 5 0 8 10
SS6 = 'G L N ' 6 5 1 4 . 7 1 4 5 9 8 2 .8 3 0 8 1 0
SS7 = 'G L D ' 7 5 1 5 . 6 0 0 5 9 6 9 .4 0 0 8 10
H t . Cm)
P o u r  c h a r a c t e r  s t r i n g  f o r  s t a t i o n  nam e 
(M U ST START IN  COLUMN 9 )
F i v e  d i g i t  i n t e g e r  f o r  s t a t i o n  ID
IN P U T  GROUP: 8 - -  U p p e r  a i r  m e t e o r o l o g i c a l  s t a t i o n  p a r a m e te r s
UPPER A IR  S T A T IO N  V A R IA B L E S
(O n e  r e c o r d  p e r  s t a t i o n  —  1 r e c o r d s  i n  a l l )
1 2
Name ID  X c o o r d .  Y c o o r d .  T im e  z o n e
(k m )  (k m )
! U S l = ' U p l '  1 5 1 3 . 1 4 2  5 9 7 2 .1 9 0  8 !
1
F o u r  c h a r a c t e r  s t r i n g  f o r  s t a t i o n  nam e 
(M U ST S TA R T I N  COLUMN 9 )
2
F i v e  d i g i t  i n t e g e r  f o r  s t a t i o n  ID
IN P U T  GROUP: 9  —  P r e c i p i t a t i o n  s t a t i o n  p a r a m e te r s
P R E C IP IT A T IO N  S T A T IO N  V A R IA B L E S
128
(O n e  r e c o r d  p e r  s t a t i o n  - -  0  r e c o r d s  i n  a l l )
(NO T IN C LU D ED  I F  N PSTA =  0 )
1 2 
Name S t a t i o n  X c o o r d .  Y  c o o r d .
C o d e  (k m )  (k m )
1
F o u r  c h a r a c t e r  s t r i n g  f o r  s t a t i o n  nam e 
(MUST START IN  COLUMN 9 )
2
S i x  d i g i t  s t a t i o n  c o d e  c o m p o s e d  o f  s t a t e  
c o d e  ( f i r s t  2  d i g i t s )  a n d  s t a t i o n  I D  ( l a s t  
4  d i g i t s )
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C.9. CALPUFF Initialization File
C ALPU FF RUN U S IN G  CALMET F IE L D S  D E R IV E D  FROM RAMS SIM U LA TED  
SURFACE AND UPPER A IR  S T A T IO N S .
JANUARY 2 8  -  FEBRUARY 1
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R u n  t i t l e  ( 3  l i n e s )   -------------------—
C ALPU FF MODEL CONTROL F IL E
IN P U T  GROUP: '0 —  I n p u t a n d  O u tp u t  F i l e  Nam es
D e f a u l t  Name T y p e P i l e  Name
C ALM E T.D A T i n p u t ! METDAT * C : \C A L F IN A L \C M E T D U T \J A N \J A N \J A N . D AT !
IS C M E T .D A T i n p u t *  IS C D A T  = *
PLM M ET.DA T i n p u t *  PLMDAT = *
P R O F IL E .D A T i n p u t •  PR FD AT = *
SU R FAC E.D A T i n p u t *  SFCDAT = $
R ES TA R TB .D A T i n p u t » RSTARTB» *
C A L P U F F .L S T o u t p u t ! PU FLS T  = C :\C A L F IN A L \P U F F O U T \J A N \J A N P N .L S T  !
C O N C .D AT o u t p u t ! CONDAT “ C :\C A L F IN A L \P U F F O U T \J A N \J A N P N .C O N  !
D F L X .D A T o u t p u t *  D FDAT = *
W FLX .D A T o u t p u t •  WFDAT * *
V IS E .D A T o u t p u t *  V IS D A T  =
R ES TA R TE .D A T o u t p u t *  RSTARTE» *
E m is s io n  F i l e s
PTE M A RB .D AT i n p u t *  PTD AT = *
VO LEM AR B.D AT *  VO LD AT =
BA EM AR B.D A T ♦  ARDAT =
LN E M A RB .D AT i n p u t *  LN D AT = *
O t h e r  F i l e s
OZON E.DAT i n p u t *  OZDAT =
V D .D A T i n p u t *  VDDAT = *
C H EM .D AT i n p u t *  CHEM DAT* *
H IL L .D A T i n p u t *  H IL D A T = *
H IL L R C T .D A T i n p u t *  RCTDAT» *
C O AS TLN .D AT i n p u t *  CSTDAT= *
FLU X B D Y .D A T i n p u t *  BDYDAT= *
BC O N .D AT i n p u t *  BC N D AT* *
DEBU G.DAT o u t p u t *  DEBUG = *
M A S S FLX .D A T o u t p u t *  F L X D A T - *
M A S S 6A L.D A T o u t p u t *  BA LD AT»
FO G .D A T o u t p u t *  FOGDAT» *
A l l  f i l e  n a m e s  w i l l  b e c o n v e r t e d  t o  l o w e r c a s e  i f  L C F IL E S  =  T
O t h e r w is e ,  i f L C F IL E S  =: F ,  f i l e  n a m e s  w i l l b e  c o n v e r t e d  t o  UPPER CASE
T  -  l o w e r  c a s e  ! L C F IL E S  = F !
F =  UPPER CASE
N O TE: ( 1 )  f i l e / p a t h  n a m e s  c a n  b e  u p  t o  7 0  c h a r a c t e r s  i n  l e n g t h
P r o v i s i o n  f o r  m u l t i p l e  i n p u t  f i l e s
N u m b e r  o f  C A L M E T.D A T  f i l e s  f o r  r u n  (NM ETD AT) 
D e f a u l t  : 1
N u m b e r o f  PTE M A R B .D AT  f i l e s  f o r  r u n  (N P T D A T ) 
D e f a u l t  : 0
N u m b e r o f  BA EM AR B.D A T f i l e s  f o r  r u n  (N A R D A T) 
D e f a u l t  : 0
N u m b e r o f  VO LEM AR B .D AT f i l e s  f o r  r u n  (N V O LD A T) 
D e f a u l t  : 0
! NMETDAT =  1 !
! NPTDAT =  0  !
! NARDAT = 0  !
NVOLDAT =  0
S u b g ro u p  (O a )
T h e  f o l l o w i n g  C A L M E T.D A T  f i l e n a m e s  a r e  p r o c e s s e d  i n  s e q u e n c e  i f  NMETDAT>1 
D e f a u l t  Name T y p e  F i l e  Name
IN P U T  GROUP: 1 —  G e n e r a l  r u n  c o n t r o l  p a r a m e te r s
O p t i o n  t o  r u n  a l l  p e r io d s  f o u n d
i n  t h e  m e t .  f i l e  (M ETRU N ) D e f a u l t :  0  ! M ET
METRUN -  0  -  R u n  p e r i o d  e x p l i c i t l y  d e f i n e d  b e lo w  
METRUN =  1 -  R u n  a l l  p e r io d s  i n  m e t . f i l e
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S t a r t i n g  d a t e :  Y e a r  ( IB Y R )  —  No d e f a u l t
( u s e d  o n l y  i f  M o n th  ( IB M O ) - -  N o d e f a u l t
METRUN =  0 )  D a y  ( IB D Y )  - -  No d e f a u l t
H o u r  ( IB H R )  —  No d e f a u l t
IB Y R  = 
IB M O  : 
IB D Y  : 
IB H R  :
1 9 9 9  
0 
0 
0
L e n g th  o f  r u n  ( h o u r s )  ( IR L G )  —  No d e f a u l t  ! IR L G  ~  0
N u m b e r o f  c h e m ic a l  s p e c ie s  (N S P E C )
D e f a u l t :  5  ! NSPEC «  1
N u m b e r o f  c h e m ic a l  s p e c ie s
t o  b e  e m i t t e d  (N S E ) D e f a u l t :  3  ! NSE -  1
F la g  t o  s t o p  r u n  a f t e r
SETUP p h a s e  ( IT E S T )  D e f a u l t :  2  ! IT E S T  *  2
(U s e d  t o  a l l o w  c h e c k in g
o f  t h e  m o d e l  i n p u t s ,  f i l e s ,  e t c . )
IT E S T  =  1 -  STOPS p r o g r a m  a f t e r  SETUP p h a s e  
IT E S T  » 2  -  C o n t in u e s  w i t h  e x e c u t io n  o f  p r o g r a m  
a f t e r  SETUP
R e s t a r t  C o n f i g u r a t i o n :
C o n t r o l  f l a g  (M R ESTAR T) D e f a u l t :  0 ! MRESTART = 0
0  -  Do n o t  r e a d  o r  w r i t e  a  r e s t a r t  f i l e
1 =  R e a d  a  r e s t a r t  f i l e  a t  t h e  b e g i n n i n g  o f
t h e  r u n
2  =  W r i t e  a  r e s t a r t  f i l e  d u r i n g  r u n
3  = R e a d  a  r e s t a r t  f i l e  a t  b e g i n n i n g  o f  r u n
a n d  w r i t e  a  r e s t a r t  f i l e  d u r i n g  r u n
N u m b e r o f  p e r io d s  i n  R e s t a r t
o u t p u t  c y c l e  (N R E SPD ) D e f a u l t  : 0  ! NRESPD -  0
0  =  F i l e  w r i t t e n  o n l y  a t  l a s t  p e r io d  
> 0  » F i l e  u p d a t e d  e v e r y  NRESPD p e r io d s
M e t e o r o l o g i c a l  D a ta  F o r m a t  (M ETFM )
D e f a u l t :  1 ! METFM =  1
METFM =  1 -  CALMET b i n a r y  f i l e  (C A LM E T .M E T )
METFM *  2  -  IS C  A S C I I  f i l e  ( IS C M E T .M E T )
METFM =  3  -  AUSPLUME A S C I I  f i l e  (P LM M E T.M E T)
METFM =  4  -  CTDM p l u s  t o w e r  f i l e  (P R O F IL E .D A T )  a n d  
s u r f a c e  p a r a m e t e r s  f i l e  (S U R FA C E .D A T )
PG s ig m a - y  i s  a d j u s t e d  b y  t h e  f a c t o r  (A V E T /P G T IM E )* * 0 . 2  
A v e r a g in g  T im e  ( m in u t e s )  (A V E T )
D e f a u l t :  6 0 . 0  ! AV ET =  6 0 .  !
PG A v e r a g in g  T im e  ( m i n u t e s )  (P G T IM E )
D e f a u l t :  6 0 . 0  ! PG TIM E  =  6 0 .
IN P U T  GROUP: 2  - -  T e c h n i c a l  o p t i o n s
V e r t i c a l  d i s t r i b u t i o n  u s e d  i n  t h e  
n e a r  f i e l d  (MGAUSS)
0 =  u n i f o r m
1 -  G a u s s ia n
T e r r a i n  a d ju s t m e n t  m e th o d
(M C TA D J) D
0 -  n o  a d ju s t m e n t
1 =  I S C - t y p e  o f  t e r r a i n  a d ju s t m e n t
2 = s i m p l e ,  C A L P U F F - ty p e  o f  t e r r a i n
a d ju s t m e n t
3  -  p a r t i a l  p lu m e  p a t h  a d ju s t m e n t
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S u b g r i d - s c a l e  c o m p le x  t e r r a i n  
f l a g  (MCTSG)
0  =  n o t  m o d e le d
1 =  m o d e le d
D e f a u l t  : 0
N e a r - f i e l d  p u f f s  m o d e le d  a s  
e l o n g a t e d  0  (M S LU G )
1 =  y e s  ( s l u g  m o d e l  u s e d )
D e f a u l t  : 0 ! MSLUG *  0  !
T r a n s i t i o n a l  p lu m e  r i s e  m o d e le d  ?
(M TRANS) D e f a u l t :  1
0  = n o  ( i . e . ,  f i n a l  r i s e  o n l y )
1 = y e s  ( i . e . , t r a n s i t i o n a l  r i s e  c o m p u te d )
S t a c k  t i p  d o w n u a s h ?  ( K T IP )  D e f a u l t :  1
0  *  n o  ( i . e . ,  n o  s t a c k  t i p  d o w n w a s h )
1 -  y e s  ( i . e . , u s e  s t a c k  t i p  d o w n w a s h )
V e r t i c a l  w in d  s h e a r  m o d e le d  a b o v e
s t a c k  t o p ?  (M SHEAR ) D e f a u l t  : 0
0  =  n o  ( i . e . , v e r t i c a l  w in d  s h e a r  n o t  m o d e le d )
1 =  y e s  ( i . e . ,  v e r t i c a l  w in d  s h e a r  m o d e le d )
P u f f  s p l i t t i n g  a l l o w e d ?  (M S P L IT )
0  =  n o  ( i . e . ,  p u f f s  n o t  s p l i t )
1 =  y e s  ( i . e . ,  p u f f s  a r e  s p l i t )
D e f a u l t :  0
C h e m ic a l  m e c h a n is m  f l a g  (MCHEM) D e f a u l t :  1
0  =  c h e m ic a l  t r a n s f o r m a t i o n  n o t
m o d e le d
1 -  t r a n s f o r m a t i o n  r a t e s  c o m p u te d
i n t e r n a l l y  (MESOPUFF I I  s c h e m e )
2 =  u s e r - s p e c i f i e d  t r a n s f o r m a t i o n
r a t e s  u s e d
3  =  t r a n s f o r m a t i o n  r a t e s  c o m p u te d
i n t e r n a l l y  (R IV A D /A R M 3  s c h e m e )
4  =  s e c o n d a r y  o r g a n ic  a e r o s o l  f o r m a t io n
c o m p u te d  (MESOPUFF I I  s c h e m e  f o r  OH)
W et r e m o v a l  m o d e le d  ? (MWET)
0  =  n o
1 =  y e s
D r y  d e p o s i t i o n  m o d e le d  ? (MDRY)
( d r y  d e p o s i t i o n  m e th o d  s p e c i f i e d  
f o r  e a c h  s p e c ie s  i n  I n p u t  G r o u p  3 )
D e f a u l t  : 1
D e f a u l t  : 1
MSHEAR =  1 !
! M S P L IT  *  0  !
M e th o d  u s e d  t o  c o m p u te  d i s p e r s i o n  
c o e f f i c i e n t s  (M D IS P ) D e f a u l t :  3 ! M DISP 3  !
1 =  d i s p e r s i o n  c o e f f i c i e n t s  c o m p u te d  f r o m  m e a s u r e d  v a lu e s
o f  t u r b u l e n c e ,  s ig m a  v ,  s ig m a  w
2 -  d i s p e r s i o n  c o e f f i c i e n t s  f r o m  i n t e r n a l l y  c a l c u l a t e d
s ig m a  V ,  s ig m a  w u s i n g  m ic r o m e t e o r o l o g i c a l  v a r i a b l e s  
( u * ,  w * ,  L ,  e t c . )
3 -  PG d i s p e r s i o n  c o e f f i c i e n t s  f o r  RURAL a r e a s  ( c o m p u te d  u s i n g
t h e  IS C S T  m u l t i - s e g m e n t  a p p r o x im a t i o n )  a n d  MP c o e f f i c i e n t s  i n  
u r b a n  a r e a s
4  -  sam e a s  3 e x c e p t  PG c o e f f i c i e n t s  c o m p u te d  u s i n g
t h e  MESOPUFF I I  e q n s .
5 =  CTDM s ig m a s  u s e d  f o r  s t a b l e  a n d  n e u t r a l  c o n d i t i o n s .
F o r  u n s t a b l e  c o n d i t i o n s ,  s ig m a s  a r e  c o m p u te d  a s  i n  
M D IS P  =  3 ,  d e s c r ib e d  a b o v e .  M D IS P  =  5  a s s u m e s  t h a t  
m e a s u r e d  v a l u e s  a r e  r e a d
S i g m a - v / s ig m a - t h e t a ,  s ig m a - w  m e a s u r e m e n ts  u s e d ?  (MTURBVW)
(U s e d  o n l y  i f  M D IS P  *  1 o r  5 )  D e f a u l t  : 3  ! MTURBVW =  3
1 =  u s e  s ig m a - v  o r  s i g m a - t h e t a  m e a s u r e m e n ts
f r o m  P R O F IL E .D A T  t o  c o m p u te  s ig m a - y  
( v a l i d  f o r  METFM = 1 ,  2 ,  3 ,  4 )
2 =  u s e  s ig m a - w  m e a s u r e m e n ts
f r o m  P R O F IL E .D A T  t o  c o m p u te  s ig m a - z  
( v a l i d  f o r  METFM = 1 ,  2 ,  3 ,  4 )
3 =  u s e  b o t h  s i g m a - ( v / t h e t a )  a n d  s ig m a - w
f r o m  P R O F IL E .D A T  t o  c o m p u te  s ig m a - y  a n d  s ig m a - z  
( v a l i d  f o r  METFM = 1 ,  2 ,  3 ,  4 )
4 =  u s e  s i g m a - t h e t a  m e a s u r e m e n ts
f r o m  PLM M E T.D A T  t o  c o m p u te  s ig m a - y  
( v a l i d  o n l y  i f  METFM = 3 )
B a c k - u p  m e th o d  u s e d  t o  c o m p u te  d i s p e r s i o n  
w h e n  m e a s u r e d  t u r b u l e n c e  d a t a  a r e  
m is s i n g  (M D IS P 2 )  D e f a u l t :
( u s e d  o n l y  i f  M D IS P  *  1 o r  5 )
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2  -  d i s p e r s i o n  c o e f f i c i e n t s  f r o m  i n t e r n a l l y  c a l c u l a t e d
s ig m a  V ,  s ig m a  v  u s i n g  m i c r o m e t e o r o l o g i c a l  v a r i a b l e s  
( u * .  w * ,  L ,  e t c . )
3  = PG d i s p e r s i o n  c o e f f i c i e n t s  f o r  RURAL a r e a s  ( c o m p u te d  u s i n g
t h e  IS C S T  m u l t i - s e g m e n t  a p p r o x im a t i o n )  a n d  MP c o e f f i c i e n t s  i n  
u r b a n  a r e a s
4  =  sam e a s  3  e x c e p t  PG c o e f f i c i e n t s  c o m p u te d  u s i n g
t h e  MESOPUFF I I  e q n s .
PG s ig m a - y , z  a d j .  f o r  r o u g h n e s s ?
(MROUGH)
D e f a u l t  : 0 ! MROUGH
P a r t i a l  p lu m e  p e n e t r a t i o n  o f  D e f a u l t ;  1
e l e v a t e d  i n v e r s i o n ?
(M P A R TL)
0 *  n o
1 *  y e s
S t r e n g t h  o f  t e m p e r a t u r e  i n v e r s i o n  D e f a u l t :  0
p r o v id e d  i n  P R O F IL E .D A T  e x t e n d e d  r e c o r d s ?
(M T IN V )
0  =  n o  ( c o m p u te d  f r o m  m e a s u r e d / d e f a u l t  g r a d i e n t s )
1 = y e s
PDF u s e d  f o r  d i s p e r s i o n  u n d e r  c o n v e c t i v e  c o n d i t i o n s ?
D e f a u l t  : 0
(M P DF)
S u b - G r id  T I 5 L  m o d u le  u s e d  f o r  s h o r e  l i n e ?
D e f a u l t  : 0
(M S G T IB L )
0 *  n o
1 = y e s
B o u n d a r y  c o n d i t i o n s  ( c o n c e n t r a t i o n )  m o d e le d ?
D e f a u l t :  0
(MBCON)
0 »  n o
1 =  y e s
! MBCON = 0  !
A n a ly s e s  o f  f o g g in g  a n d  i c i n g  im p a c t s  d u e  t o  e m is s io n s  f r o m  
a r r a y s  o f  m e c h a n i c a l l y - f o r c e d  c o o l i n g  t o w e r s  c a n  b e  p e r f o r m e d  
u s i n g  C ALPU FF i n  c o n j u n c t i o n  w i t h  a  c o o l i n g  t o w e r  e m is s io n s  
p r o c e s s o r  (C T E M IS S ) a n d  i t s  a s s o c i a t e d  p o s t p r o c e s s o r s .  H o u r l y  
e m is s io n s  o f  w a t e r  v a p o r  a n d  t e m p e r a t u r e  f r o m  e a c h  c o o l i n g  t o w e r  
c e l l  a r e  c o m p u te d  f o r  t h e  c u r r e n t  c e l l  c o n f i g u r a t i o n  a n d  a m b ie n t  
c o n d i t i o n s  b y  C T E M IS S . C ALPU FF m o d e ls  t h e  d i s p e r s i o n  o f  t h e s e  
e m is s io n s  a n d  p r o v id e s  c l o u d  i n f o r m a t i o n  i n  a  s p e c i a l i z e d  f o r m a t  
f o r  f u r t h e r  a n a l y s i s .  O u tp u t  t o  FO G .D A T  i s  p r o v id e d  i n  e i t h e r  
’ p lu m e  m o d e ’  o r  ’ r e c e p t o r  m o d e ’  f o r m a t .
C o n f i g u r e  f o r  FOG M o d e l  o u t p u t ?
D e f a u l t :  0  ! MFOG =  0
(MFOG)
1 »  y e s  -  r e p o r t  r e s u l t s  i n  PLUME M ode f o r m a t
2  *  y e s  -  r e p o r t  r e s u l t s  i n  RECEPTOR M ode f o r m a t
T e s t  o p t i o n s  s p e c i f i e d  t o  s e e  i f  
t h e y  c o n f o r m  t o  r e g u l a t o r y  
v a lu e s ?  (MREG)
0  =  NO c h e c k s  a r e  m ade
1 T e c h n i c a l  o p t i o n s m u s t c o n fo r m
METFM 1
AVET 6 0 .  ( m in )
MGAUSS 1
MCTADJ 3
MTRANS 1
M T IP 1
MCHEM 1 ( i f  m ode:
MWET 1
MDRY 1
M D IS P 3
MROUGH 0
MPARTL 1
SYTDEP 5 5 0 .  (m )
MHFTSZ 0
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IN P U T  GROUP: 3 a ,  3 b  —  S p e c ie s  l i s t
S u b g ro u p  ( 3 a )
T h e  f o l l o w i n g  s p e c ie s  a r e  m o d e le d :
SP E C IE S  
NAME 
( L i m i t :  12  
C h a r a c t e r s  
i n  l e n g t h )
MODELED
( 0 = N 0 ,  1 » Y E S )
E M ITTE D  
(0 = N 0 ,  1= Y E S )
D r y
DEPO SITE D
( 0 = N 0 ,
1*C 0M PU TED -G AS
2 *C 0 M P U T E D -P A R T IC L E
3 = U S E R -S P E C IF IE D )
OUTPUT GROUP 
NUMBER 
(0 = N 0 N E , 
l = l s t  CGRUP, 
2 = 2 n d  CGRUP, 
3 *  e t c . )
S 0 2 0 ,
S u b g ro u p  ( 3 b )
T h e  f o l l o w i n g  n a m e s  a r e  u s e d  f o r  S p e c ie s - G r o u p s  i n  w h ic h  r e s u l t s  
f o r  c e r t a i n  s p e c ie s  a r e  c o m b in e d  ( a d d e d )  p r i o r  t o  o u t p u t .  T he  
CGRUP nam e w i l l  b e  u s e d  a s  t h e  s p e c ie s  nam e i n  o u t p u t  f i l e s .
U s e  t h i s  f e a t u r e  t o  m o d e l  s p e c i f i c  p a r t i c l e - s i z e  d i s t r i b u t i o n s  
b y  t r e a t i n g  e a c h  s i z e - r a n g e  a s  a  s e p a r a t e  s p e c i e s .
O r d e r  m u s t  b e  c o n s i s t e n t  w i t h  3 ( a )  a b o v e .
IN P U T  GROUP: 4  —  G r i d  c o n t r o l  p a r a m e te r s
M ETEOROLOGICAL g r i d :
N o . X g r i d  c e l l s  (N X ) No d e f a u l t ! NX « 4 9  !
N o . Y g r i d  c e l l s  (N Y ) No d e f a u l t ! NY »  4 9  !
N o . v e r t i c a l  l a y e r s  (N Z ) No d e f a u l t ! NZ =  8  !
G r i d  s p a c in g  (D G R ID K M ) No d e f a u l t  
U n i t  s : km
! DGRIDKM = 0 . 5
C e l l  f a c e  h e i g h t s
( Z F A C E ( n z + l) ) No d e f a u l t s  
U n i t  s : m
0 . ,  2 0 . ,  5 0 . ,  1 0 0 . ,  2 6 0 . ,  5 0 0 . ,  1 0 0 0 . ,  1 6 0 0 . ,  3 5 0 0 .  !
R e fe r e n c e  C o o r d in a t e s  
o f  SOUTHWEST c o r n e r  o f  
g r i d  c e l l d ,  1 ) :
X c o o r d i n a t e  (XO R IG K M ) 
Y c o o r d i n a t e  (YO R IG K M )
No d e f a u l t  
No d e f a u l t  
U n i t s :  km
XORIGKM =  5 0 5 .  ! 
YORIGKM =  5 9 6 6 .
UTM z o n e  ( lU T M Z N ) No d e f a u l t
R e fe r e n c e  c o o r d i n a t e s  o f  CENTER 
o f  t h e  d o m a in  ( u s e d  i n  t h e  
c a l c u l a t i o n  o f  s o l a r  e l e v a t i o n  
a n g le s )
L a t i t u d e  ( d e g . )  (X L A T )  No d e f a u l t  ! X LA T  =  5 3 .9 5 7
L o n g i t u d e  ( d e g . )  (X LO N G ) N o d e f a u l t  XLONG =  1 2 2 . 7 3
T im e  z o n e  (X T Z )  No d e f a u l t  ! X TZ -  8 . 0  !
(P S T » 8 , M S T = 7 , C S T - 6 ,  E S T = 5 )
C o m p u t a t io n a l  g r i d :
T h e  c o m p u t a t i o n a l  g r i d  i s  i d e n t i c a l  t o  o r  a  s u b s e t  o f  t h e  M ET. g r i d .
T h e  l o w e r  l e f t  ( L L )  c o r n e r  o f  t h e  c o m p u t a t i o n a l  g r i d  i s  a t  g r i d  p o i n t  
( IB C O M P , JBCOM P) o f  t h e  M ET. g r i d .  T h e  u p p e r  r i g h t  (U R ) c o r n e r  o f  t h e  
c o m p u t a t i o n a l  g r i d  i s  a t  g r i d  p o i n t  ( lE C O M P , JECOMP) o f  t h e  M ET. g r i d .  
T h e  g r i d  s p a c i n g  o f  t h e  c o m p u t a t i o n a l  g r i d  i s  t h e  sam e a s  t h e  M ET. g r i d .
X i n d e x  o f  L L  c o r n e r  ( IB C O M P ) 
( 1  <=  IBCO M P < »  NX)
No d e f a u l t * IBCO MP =  1
Y i n d e x  o f  L L  c o r n e r  (JBC O M P) 
( 1  <=  JBCOMP < »  KY )
No d e f a u l t  ! JBCOMP = 1 !
X i n d e x  o f  UR c o r n e r  ( lE C O M P ) 
( 1  < *  lEC O M P < »  NX)
N o d e f a u l t  ! lECOM P = 4 9
Y i n d e x  o f  UR c o r n e r  (JEC O M P) 
( 1  < =  JECOMP <=  NY)
N o d e f a u l t  ! JECOMP =  4 9  !
SA M P LIN G  G R ID  (G R ID D E D  R E C E P TO R S ):
T h e  l o v e r  l e f t  ( L L )  c o r n e r  o f  t h e  s a m p l in g  g r i d  i s  a t  g r i d  p o i n t  
( IB S A M P , JBS AM P) o f  t h e  M ET. g r i d .  T h e  u p p e r  r i g h t  (U R ) c o r n e r  o f  t h e  
s a m p l in g  g r i d  i s  a t  g r i d  p o i n t  ( lE S A M P , JESAM P) o f  t h e  M ET. g r i d .
T h e  s a m p l in g  g r i d  m u s t  b e  i d e n t i c a l  t o  o r  a  s u b s e t  o f  t h e  c o m p u t a t i o n a l  
g r i d .  I t  m a y  b e  a  n e s t e d  g r i d  i n s i d e  t h e  c o m p u t a t i o n a l  g r i d .
T h e  g r i d  s p a c in g  o f  t h e  s a m p l in g  g r i d  i s  DG R ID KM /M ESH D N .
L o g i c a l  f l a g  i n d i c a t i n g  i f  g r i d d e d  
r e c e p t o r s  a r e  u s e d  (LS A M P )
( T * y e s ,  F * n o )
I  i n d e x  o f  L L  c o r n e r  ( IB S A M P ) 
( IB C O M P  <=  IB S A M P  <=  lEC O M P)
! LSAMP = F •
Y i n d e x  o f  L L  c o r n e r  (JB S A M P ) 
(JBCOM P <=  JBSAMP < *  JECOMP)
X i n d e x  o f  UR c o r n e r  ( lE S A M P ) 
(IB C O M P  <=  I ESAMP <=  lEC O M P)
Y in d e x  o f  UR c o r n e r  (JE S A M P ) 
(JBCOM P <=  JESAMP < =  JECOMP)
N o d e f a u l t
N e s t i n g  f a c t o r  o f  t h e  s a m p l in g  
g r i d  (MESHDN)
(MESKDN i s  a n  i n t e g e r  >=  1 )
D e f a u l t  : 1
IN P U T  GROUP: 5  - -  O u tp u t  O p t io n s
D EFAU LT VALUE VALU E T H IS  RUN
C o n c e n t r a t i o n s  ( IC O N )  1
D r y  F lu x e s  ( ID R Y )  1
W et F lu x e s  ( IW E T )  1
R e l a t i v e  H u m i d i t y  ( I V I S )  1
( r e l a t i v e  h u m i d i t y  f i l e  i s  
r e q u i r e d  f o r  v i s i b i l i t y  
a n a l y s i s )
U s e  d a t a  c o m p r e s s io n  o p t i o n  i n  o u t p u t  f i l e ?  
(LCOM PRS) D e f a u l t :  T
IC O N  = 
ID R Y  = 
IW E T  = 
I V I S  =
0  -  Do n o t  c r e a t e  f i l e ,  1 =  c r e a t e  f i l e
D IA G N O S T IC  MASS FLU X  OUTPUT O P TIO N S :
M ass  f l u x  a c r o s s  s p e c i f i e d  b o u n d a r ie s  
f o r  s e l e c t e d  s p e c ie s  r e p o r t e d  h o u r l y ?
( IM F L X )  D e f a u l t :  0
0  =  n o
1 -  y e s  (F L U X B D Y .D A T  a n d  M A S S F LX .D A T  f i l e n a m e s
a r e  s p e c i f i e d  i n  I n p u t  G r o u p  0 )
M ass  b a la n c e  f o r  e a c h  s p e c ie s  
r e p o r t e d  h o u r l y ?
( IM B A L )  D e f a u l t  : 0
0  =  n o
1 =  y e s  (M A S S B A L .D A T  f i l e n a m e  i s
s p e c i f i e d  i n  I n p u t  G r o u p  0 )
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L IN E  P R IN T E R  OUTPUT O P TIO N S :
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P r i n t  c o n c e n t r a t i o n s  ( IC P R T )  
P r i n t  d r y  f l u x e s  ( ID P R T )
P r i n t  w e t  f l u x e s  ( IW P R T )
( 0  » Do n o t  p r i n t ,  1 »  P r i n t )
C o n c e n t r a t i o n  p r i n t  i n t e r v a l
D e f a u l t  : 0 
D e f a u l t  : 0 
D e f a u l t :  0
IC P R T  «  1
ID P R T  =  0 
IW PR T = 0
( IC F R Q ) i n  h o u r s D e f a u l t  : 1 ! IC FR Q  ® !
D r y  f l u x  p r i n t  i n t e r v a l
( ID F R Q ) i n  h o u r s D e f a u l t  : !  ! ID FR Q  = 1
W et f l u x  p r i n t  i n t e r v a l
(IW F R Q ) i n  h o u r s D e f a u l t  : 1 ! IWFRQ = !
U n i t s  f o r  L i n e  P r i n t e r  O u tp u t
( IP R T U ) D e f a u l t  : !  ! IP R T U  ® 3
f o r f o r
C o n c e n t r a t i o n D e p o s i t i o n
1 =  g /m * » 3 g / m * * 2 / s
2  =  m g /m * * 3 m g /m * * 2 / s
3  ® u g /m * * 3 u g / m * * 2 / s
4  »  n g / m * * 3 n g / m * * 2 / s
5  ® O d o u r  U n i t s
M e s s a g e s  t r a c k i n g  p r o g r e s s o f  r u n
w r i t t e n  t o  t h e  s c r e e n  ?
( IM E S G ) D e f a u l t :  2  ! IM ESG = 2
!  ® y e s  ( a d v e c t i o n  s t e p . p u f f  ID )
2  =  y e s  (Y Y Y Y J J J H H , #  o l d  p u f f s ,  #  e m i t t e d  p u f f s )
S P E C IE S  ( o r  GROUP f o r  c o m b in e d  s p e c i e s )  L I S T  FOR OUTPUT OPTIO N S
 C O N C E N T R A T IO N S ........................................DRY F L U X E S .................................................WET F L U X E S .....................................MASS FLU X  —
S P E C IE S
/GROUP P R IN T E D ? SAVED ON D IS K ?  P R IN T E D ? SAVED ON D IS K ?  P R IN T E D ? SAVED ON D IS K ?  SAVED ON D IS K ?
S 0 2  =  1 ,  1 ,  0 ,  0 ,
O PTIO N S FOR P R IN T IN G  "D E B U G " Q U A N T IT IE S  (m u c h  o u t p u t )
0 . 0 , 0 !
L o g i c a l  f o r  d e b u g  o u t p u t  
(LD EB U G ) D e f a u l t :  F  ! LDEBUG *  F
F i r s t  p u f f  t o  t r a c k  
( IP F D E B ) ! IP F D E B  =  1 !
N u m b e r o f  p u f f s  t o  t r a c k  
(N P FD E B ) D e f a u l t :  1 ! NPFDEB = 1 !
M e t .  p e r i o d  t o  s t a r t  o u t p u t  
( N N l) D e f a u l t  : 1
M e t . p e r i o d  t o  e n d  o u t p u t  
(N N 2 ) D e f a u l t  : 1 0  ! NN2 =  1 0 8  !
IN P U T  GROUP: 6 a ,  6 b ,  & 6 c  —  S u b g r i d  s c a l e  c o m p le x  t e r r a i n  i n p u t s
S u b g ro u p  ( 6 a )
N u m b e r o f  t e r r a i n  f e a t u r e s  ( N H IL L )  D e f a u l t :  0
N u m b e r o f  s p e c i a l  c o m p le x  t e r r a i n
r e c e p t o r s  (N C TR EC ) D e f a u l t  : 0
T e r r a i n  a n d  C TS 6 R e c e p t o r  d a t a  f o r  
CTSG h i l l s  i n p u t  i n  CTDM f o r m a t  ?
( M H IL L )  No D e f a u l t
1 -  H i l l  a n d  R e c e p t o r  d a t a  c r e a t e d
b y  CTDM p r o c e s s o r s  f t  r e a d  f r o m  
H IL L .D A T  a n d  H IL L R C T .D A T  f i l e s
2 -  H i l l  d a t a  c r e a t e d  b y  O P T H IL L  ft
i n p u t  b e lo w  i n  S u b g ro u p  ( 6 b ) ;
R e c e p t o r  d a t a  i n  S u b g ro u p  ( 6 c )
F a c t o r  t o  c o n v e r t  h o r i z o n t a l  d im e n s io n s  D e f a u l t :  1 . 0
t o  m e t e r s  ( M H IL L ® ! )
F a c t o r  t o  c o n v e r t  v e r t i c a l  d im e n s io n s  
t o  m e t e r s  ( M H IL L ® !)
X - o r i g i n  o f  CTDM s y s te m  r e l a t i v e  t o
! M H IL L  = 2
D e f a u l t :  ! . 0  ! Z H IL L 2 M
N o D e f a u l t 1 XCTDMKM *  O.OEOO !
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CALPUFF c o o r d i n a t e  s y s te m ,  i n  K i l o m e t e r s  (M H IL L = 1 )
Y - o r i g i n  o f  CTDM s y s te m  r e l a t i v e  t o  No D e f a u l t  ! YCTDMKM = O.OEOO !
C ALPUFF c o o r d i n a t e  s y s te m ,  i n  K i l o m e t e r s  ( M H I L L * ! )
S u b g r o u p  ( 6 b )
1 * *
H IL L  i n f o r m a t i o n
h i l l  XC YC THETAH ZG R ID  r e l i e f  e x p o  1 EXPO 2  SC ALE 1 SCALE 2  A M A X l AMAX2
NO. (k m )  ( k m )  ( d e g . )  (m )  (m ) (m ) (m ) (m ) (m ) (m )  (m )
S u b g ro u p  ( 6 c )
COMPLEX T E R R A IN  RECEPTOR IN FO R M ATIO N
XRCT YRCT ZRCT
(k m )  (k m )  (m )
1
D e s c r i p t i o n  o f  C o m p le x  T e r r a i n  V a r i a b l e s :
X C , YC =  C o o r d in a t e s  o f  c e n t e r  o f  h i l l
THETAH *  O r i e n t a t i o n  o f  m a j o r  a x i s  o f  h i l l  ( c lo c k w is e  f r o m
N o r t h )
Z G R ID  =  H e ig h t  o f  t h e  0  o f  t h e  g r i d  a b o v e  m e a n  s e a
R E L IE F  =  H e i g h t  o f  t h e  c r e s t  o f  t h e  h i l l  a b o v e  t h e  g r i d  e l e v a t i o n
EXPO 1 *  H i l l - s h a p e  e x p o n e n t  f o r  t h e  m a jo r  a x i s
EXPO 2  *  H i l l - s h a p e  e x p o n e n t  f o r  t h e  m a jo r  a x i s
SC ALE 1 = H o r i z o n t a l  l e n g t h  s c a l e  a l o n g  t h e  m a jo r  a x i s
SC ALE 2  *  H o r i z o n t a l  l e n g t h  s c a l e  a l o n g  t h e  m in o r  a x i s
AMAX *  M a x im u m  a l l o w e d  a x i s  l e n g t h  f o r  t h e  m a jo r  a x i s
BMAX *  M a x im u m  a l l o w e d  a x i s  l e n g t h  f o r  t h e  m a j o r  a x i s
X R C T , YRCT *  C o o r d in a t e s  o f  t h e  c o m p le x  t e r r a i n  r e c e p t o r s  
ZR CT a  H e ig h t  o f  t h e  g r o u n d  (M S L ) a t  t h e  c o m p le x  t e r r a i n  
R e c e p t o r
XHH *  H i l l  n u m b e r  a s s o c i a t e d  w i t h  e a c h  c o m p le x  t e r r a i n  r e c e p t o r
(N O T E : MUST BE ENTERED AS A R EAL NUMBER)
NOTE: DATA f o r  e a c h  h i l l  a n d  CTSG r e c e p t o r  a r e  t r e a t e d  a s  a  s e p a r a t e
i n p u t  s u b g r o u p  a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
IN P U T  GROUP: 7  —  C h e m ic a l  p a r a m e t e r s  f o r  d r y  d e p o s i t i o n  o f  g a s e s
S P E C IE S  D IF F U S IV IT Y  ALPH A STAR R E A C T IV IT Y  MESOPHYLL R E S IS TA N C E  H E N R Y 'S  LAW C O E F F IC IE N T
NAME ( c m * * 2 / s )  ( s / c m )  ( d i m e n s io n l e s s )
IN P U T  GROUP: 8  —  S iz e  p a r a m e t e r s  f o r  d r y  d e p o s i t i o n  o f  p a r t i c l e s
F o r  S IN G L E  S P E C IE S , t h e  m e a n  a n d  s t a n d a r d  d e v i a t i o n  a r e  u s e d  t o  
c o m p u te  a  d e p o s i t i o n  v e l o c i t y  f o r  N IN T  ( s e e  g r o u p  9 )  s i z e - r a n g e s ,  
a n d  t h e s e  a r e  t h e n  a v e r a g e d  t o  o b t a i n  a  m e a n  d e p o s i t i o n  v e l o c i t y .
F o r  GROUPED S P E C IE S , t h e  s i z e  d i s t r i b u t i o n  s h o u ld  b e  e x p l i c i t l y  
s p e c i f i e d  ( b y  t h e  ' s p e c i e s ’  i n  t h e  g r o u p ) ,  a n d  t h e  s t a n d a r d  d e v i a t i o n  
f o r  e a c h  s h o u ld  b e  e n t e r e d  a s  0 .  T h e  m o d e l  w i l l  t h e n  u s e  t h e  
d e p o s i t i o n  v e l o c i t y  f o r  t h e  s t a t e d  m e a n  d ia m e t e r .
S P E C IE S  GEOMETRIC MASS MEAN GEOMETRIC STANDARD
NAME D IAM E TE R  D E V IA T IO N
( m i c r o n s )  ( m ic r o n s )
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IN P U T  GROUP: 9  —  M is c e l la n e o u s  d r y  d e p o s i t i o n  p a r a m e te r s
R e fe r e n c e  c u t i c l e  r e s i s t a n c e  ( s / c m )
(RC U TR ) D e f a u l t :  3 0  ! RCUTR *  3 0 . 0  !
R e fe r e n c e  g r o u n d  r e s i s t a n c e  ( s / c m )
(R G R ) D e f a u l t :  1 0  ! RGR *  1 0 . 0  !
R e fe r e n c e  p o l l u t a n t  r e a c t i v i t y
(R E AC TR ) D e f a u l t :  8  ! R E A G IR  «  8 . 0  !
N u m b e r o f  p a r t i c l e - s i z e  i n t e r v a l s  u s e d  t o
e v a l u a t e  e f f e c t i v e  p a r t i c l e  d e p o s i t i o n  v e l o c i t y
( N IN T )  D e f a u l t :  9  ! N IN T  = 9  !
V e g e t a t i o n  s t a t e  i n  u n i r r i g a t e d  a r e a s
( IV E G )  D e f a u l t :  1 f IV E G  =  1 !
IV E G = 1  f o r  a c t i v e  a n d  u n s t r e s s e d  v e g e t a t i o n  
IV E G - 2  f o r  a c t i v e  a n d  s t r e s s e d  v e g e t a t i o n  
IV E G = 3  f o r  i n a c t i v e  v e g e t a t i o n
IN P U T  GROUP: 1 0  - -  W e t D e p o s i t i o n  P a r a m e te r s
S c a v e n g in g  C o e f f i c i e n t  —  U n i t s :  ( s e c ) * * ( - l )  
P o l l u t a n t  L i q u i d  P r e c i p .  F r o z e n  P r e c i p .
IN P U T  GROUP : 11  —  C h e m is t r y  P a r a m e te r s
O zo n e  d a t a  i n p u t  o p t i o n  (M O Z) D e f a u l t  : 1
(U s e d  o n l y  i f  MCHEM *  1 ,  3 ,  o r  4 )
0 -  u s e  a  c o n s t a n t  b a c k g r o u n d  o z o n e  v a l u e
1 =  r e a d  h o u r l y  o z o n e  c o n c e n t r a t i o n s  f r o m
t h e  O ZO N E.DA T d a t a  f i l e
B a c k g r o u n d  o z o n e  c o n c e n t r a t i o n  
(B C K 0 3 ) i n  p p b  D e f a u l t :  8 0 .
(U s e d  o n l y  i f  MCHEM = 1 ,  3 ,  o r  4  a n d  
MOZ »  0  o r  (MOZ » 1 a n d  a l l  h o u r l y  
0 3  d a t a  m is s i n g )
B a c k g r o u n d  a m m o n ia  c o n c e n t r a t i o n
(6C K N H 3) i n  p p b  D e f a u l t :  1 0 .
N i g h t t i m e  S 0 2  l o s s  r a t e  ( R N IT E l)  
i n  p e r c e n t / h o u r  D e f a u l t :  0 . 2
N i g h t t i m e  NOx l o s s  r a t e  (R N IT E 2 )
i n  p e r c e n t / h o u r  D e f a u l t  : 2 . 0
! B C K03 =  8 0 . 0  !
! BCKNH3 = 1 0 . 0  i
N i g h t t i m e  H N 03 f o r m a t i o n  r a t e  (R N IT E 3 )
i n  p e r c e n t / h o u r  D e f a u l t :  2 . 0  ! R N IT E 3
D a ta  f o r  SECONDARY ORGANIC AEROSOL (S O A ) O p t io n  
( u s e d  o n l y  i f  MCHEM =  4 )
T h e  SOA m o d u le  u s e s  m o n t h ly  v a lu e s  o f :
F in e  p a r t i c u l a t e  c o n c e n t r a t i o n  i n  u g /m “ 3 (BC KPM F)
O r g a n ic  f r a c t i o n  o f  f i n e  p a r t i c u l a t e  (O FR AC )
VOC /  NOX r a t i o  ( a f t e r  r e a c t i o n )  (VC N X )
t o  c h a r a c t e r i z e  t h e  a i r  m a ss  w h e n  c o m p u t in g  
t h e  f o r m a t i o n  o f  SOA f r o m  VOC e m is s io n s .
T y p i c a l  v a l u e s  f o r  s e v e r a l  d i s t i n c t  a i r  m a ss  t y p e s  a r e  :
M o n th  1 2 3 4 5 6 7 8 9  1 0  11
J a n  F e b  Ma r  A p r  Ma y  J u n  J u l  A u g  Se p  Oc t  No v
12
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C le a n  C o n t i n e n t a l
BCKPMF 1 .  1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 . 1 .
OFRAC .1 5  .1 5 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .2 0 .1 5
VCNX 5 0 .  6 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 .
C le a n  M a r in e  ( s u r f a c e )
BCKPMF . 5  .5 .5 .5 .5 .5 .5 .6 .6 .5 .6 . 5
OFRAC .2 5  .2 5 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .3 0 .2 5
VCNX 5 0 .  5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 . 5 0 .
U rb a n  -  lo w  b i o g e n i c ( c o n t r o l s p r e s e n t )
BCKPMF 3 0 .  3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 . 3 0 , 3 0 . 3 0 .
OFRAC .2 0  .2 0 .2 5 .2 5 .2 5 .2 5 .2 5 .2 5 .2 0 .2 0 .2 0 .2 0
VCNX 4 .  4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4 . 4
U rb a n  -  h i g h  b i o g e n i c  ( c o n t r o l s p r e s e n t )
BCKPMF 6 0 .  6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0 . 6 0
OFRAC .2 5  .2 5 .3 0 .3 0 .3 0 .5 5 .5 5 .5 5 .3 5 .3 5 .3 5 .2 5
VCNX I S .  1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 . 1 5 , 1 5
R e g io n a l  P lu m e
BCKPMF 2 0 .  2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0 . 2 0
OFRAC .2 0  .2 0 .2 5 .3 5 .2 5 .4 0 .4 0 .4 0 .3 0 .3 0 .3 0 .2 0
VCNX 1 5 .  1 5 . 1 5 . 1 5 . 1 5 . 1 5 . IS . 1 5 . 1 5 . 1 5 . 1 5 . 15
U rb a n  -  n o  c o n t r o l s p r e s e n t
BCKPMF 1 0 0 .  1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0 . 1 0 0
OFRAC .3 0  . 3 0 .3 5 .3 5 .3 5 .5 5 .5 5 .5 5 .3 5 .3 5 .3 5 .3 0
VCNX 2 .  2 . 2 . 2 . 2 . 2 . 2 , 2 . 2 . 2 . 2 . 2
D e f a u l t  : C le a n  C o n t i n e n t a l
! BCKPMF =  1 . 0 0 ,  1 . 0 0 ,  1 .0 0 , 1 . 0 0 , 1 . 0 0 . 1 . 0 0 ,  1 .. 0 0 , 1 . 0 0 , 1 . 0 0 , l . (
! OFRAC =  0 . 1 5 ,  0 . 1 5 ,  0 . 2 0 , 0 . 2 0 , 0 . 2 0 , 0 , 2 0 ,  0 ., 2 0 , 0 . 2 0 , 0 . 2 0 ,  0 . :
! VCNX =  5 0 . 0 0 ,  5 0 . 0 0 , 5 0 . 0 0 ,  5 0 . 0 0 , 5 0 . 0 0 ,  5 0 . .0 0 , 5 0 .0 0 , , 5 0 . 0 0 ,  !
IN P U T  GROUP: 1 2  - -  M is c .  D i s p e r s i o n  a n d  C o m p u t a t io n a l  P a r a m e te r s
H o r i z o n t a l  s i z e  o f  p u f f  (m ) b e y o n d  w h ic h  
t i m e - d e p e n d e n t  d i s p e r s i o n  e q u a t i o n s  ( H e f f t e r )  
a r e  u s e d  t o  d e t e r m in e  s ig m a - y  a n d
s ig m a - z  (S Y T D E P ) D e f a u l t :  5 5 0 . ! SYTDEP *  5 . 5 E 0 2  !
S w i t c h  f o r  u s i n g  H e f f t e r  e q u a t i o n  f o r  s ig m a  z  
a s  a b o v e  ( 0  = N o t  u s e  H e f f t e r ;  1 -  u s e  H e f f t e r  
(M H FTS Z) D e fa
S t a b i l i t y  c l a s s  u s e d  t o  d e t e r m in e  p lu m e  
g r o w t h  r a t e s  f o r  p u f f s  a b o v e  t h e  b o u n d a r y  
l a y e r  (J S U P )  D e fa '
V e r t i c a l  d i s p e r s i o n  c o n s t a n t  f o r  s t a b l e  
c o n d i t i o n s  ( k l  i n  E q n . 2 . 7 - 3 )  (C O N K l)
V e r t i c a l  d i s p e r s i o n  c o n s t a n t  f o r  n e u t r a l /  
u n s t a b l e  c o n d i t i o n s  ( k 2  i n  E q n .  2 . 7 - 4 )  
(C 0 N K 2 )
D e f a u l t  : 0 . 0 1
D e f a u l t :  0 . 1 ! C 0N K2 *  .1  !
F a c t o r  f o r  d e t e r m i n i n g  T r a n s i t i o n - p o i n t  f r o m  
S c h u lm a n - S c i r e  t o  H u b e r - S n y d e r  B u i l d i n g  D o w n w a sh  
sch e m e  (S S  u s e d  f o r  H s < H b +  TED *  H L )
(T B D ) D e f a u l t ;  0 . 5
TED < 0  = = >  a lw a y s  u s e  H u b e r - S n y d e r
TBD »  1 . 5  = = >  a lw a y s  u s e  S c h u lm a n - S c i r e  
TED =  0 . 5  = = >  IS C  T r a n s i t i o n - p o i n t
R a n g e  o f  l a n d  u s e  c a t e g o r i e s  f o r  w h ic h  
u r b a n  d i s p e r s i o n  i s  a s s u m e d  
( lU R B l ,  IU R B 2 ) D e f a u l t  : 10  
19
! lU R B l =  10  
! IU R B 2  =  19
S i t e  c h a r a c t e r i z a t i o n  p a r a m e t e r s  f o r  s i n g l e - p o i n t  M e t d a t a  f i l e s  
(n e e d e d  f o r  METFM =  2 , 3 , 4 )
L a n d  u s e  c a t e g o r y  f o r  m o d e l in g  d o m a in
( IL A N D U IN )  D e f a u l t :  2 0 ! IL A N D U IN  = 2 0
R o u g h n e s s  l e n g t h  (m ) f o r  m o d e l in g  d o m a in
(Z O IN )  D e f a u l t :  0 . 2 5 ! Z O IN  = .2 5  !
L e a f  a r e a  i n d e x  f o r  m o d e l in g  d o m a in  
( X L A I IN ) D e f a u l t  : 3 . 0  ! X L A I I N  = 3 . 0  !
140
E l e v a t i o n  a b o v e  s e a  l e v e l  (m ) 
(E L E V IN )
L a t i t u d e  ( d e g r e e s )  f o r  m e t l o c a t i o n  
(X L A T IN )
L o n g i t u d e  ( d e g r e e s )  f o r  m e t l o c a t i o n  
(X L O N IN )
D e f a u l t :  0 . 0
D e f a u l t :  - 9 9 9 .  ! X L A T IN  » - 9 9 9 . 0  !
D e f a u l t :  - 9 9 9 .  ! X L O N IN  =  - 9 9 9 . 0  !
S p e c i a l i z e d  i n f o r m a t i o n  f o r  i n t e r p r e t i n g  s i n g l e - p o i n t  M e t d a t a  f i l e s  -----------
A n e m o m e te r  h e i g h t  Cm) ( U s e d  o n l y  i f  METFM »  2 , 3 )  
(AN EM H T) D e f a u l t :  1 0 . ! ANEMHT =  1 0 . 0  !
F o rm  o f  l a t e r a l  t u r b u l e n c e  d a t a  i n  P R O F IL E .D A T  f i l e  
(U s e d  o n l y  i f  METFM *  4  o r  MTURBVW =  l o r  3 )
( IS IG M A V )  D e f a u l t :  1
0  =  r e a d  s i g m a - t h e t a
1 =  r e a d  s ig m a - v
C h o ic e  o f  m ix i n g  h e i g h t s  (U s e d  o n l y  i f  METFM =  4 )  
( IM IX C T D M ) D e f a u l t :  0
0  =  r e a d  P R E D IC TE D  m ix i n g  h e i g h t s
1 =  r e a d  OBSERVED m ix i n g  h e i g h t s
M a x im um  l e n g t h  o f  a  s l u g  ( m e t .  g r i d  u n i t s )
(XM XLE N ) D e f a u l t :  1 . 0
M a x im um  t r a v e l  d i s t a n c e  o f  a  p u f f / s l u g  ( i n  
g r i d  u n i t s )  d u r i n g  o n e  s a m p l in g  s t e p
(XSA M LEN ) D e f a u l t :  1 . 0
M a x im u m  H u m b e r o f  s l u g s / p u f f s  r e l e a s e  f r o m  
o n e  s o u r c e  d u r i n g  o n e  t i m e  s t e p
(MXNEW) D e f a u l t  : 9 9
M a x im um  N u m b e r o f  s a m p l in g  s t e p s  f o r  
o n e  p u f f / s l u g  d u r i n g  o n e  t i m e  s t e p  
(MXSAM)
N u m b e r o f  i t e r a t i o n s  u s e d  w h e n  c o m p u t in g  
t h e  t r a n s p o r t  w in d  f o r  a  s a m p l in g  s t e p  
t h a t  i n c l u d e s  g r a d u a l  r i s e  ( f o r  CALMET 
a n d  P R O F IL E  w in d s )
D e f a u l t  : 99
(NCDUNT) D e f a u l t  : 2 ! NCOUNT »  2 !
M in im u m  s ig m a  y  f o r  a  n e w  p u f f / s l u g  
(S Y M IN )
Cm)
D e f a u l t  : 1 . 0 ! S Y M IN  = 1 . 0 !
M in im u m  s ig m a  z  f o r  a  n e w  p u f f / s l u g  
(S Z M IN )
(m )
D e f a u l t :  1 . 0 ! S Z M IN  = 1 . 0 !
D e f a u l t  m in im u m  t u r b u l e n c e  v e l o c i t i e s  
s ig m a - v  a n d  s ig m a - w  f o r  e a c h  
s t a b i l i t y  c l a s s  ( m / s )
(S V M IN ( 6 )  a n d  S W M IN (6 ) )  D e f a u l t  SV M IN : . 5 0 ,  . 5 0 , . 5 0 , . 5 0 , . 5 0 , .5 0
D e f a u l t SWMIN : . 2 0 ,  . 1 2 , . 0 8 , . 0 6 , . 0 3 , .0 1 6
S t a b i l i t y : A  B C D E F
! S V M IN  = 
! SWMIN *
D i v e r g e n c e  c r i t e r i o n  f o r  d w /d z  a c r o s s  p u f f  
u s e d  t o  i n i t i a t e  a d ju s t m e n t  f o r  h o r i z o n t a l  
c o n v e r g e n c e  ( 1 / s )
P a r t i a l  a d ju s t m e n t  s t a r t s  a t  C D I V ( l ) ,  a n d  
f u l l  a d j u s t m e n t  i s  r e a c h e d  a t  C D IV ( 2 )  
( C D I V ( 2 ) )
M in im u m  w in d  s p e e d  ( m / s )  a l l o w e d  f o r  
n o n - c a lm  c o n d i t i o n s .  A ls o  u s e d  a s  m in im u m  
s p e e d  r e t u r n e d  w h en  u s i n g  p o w e r - l a w  
e x t r a p o l a t i o n  t o w a r d  s u r f a c e  
(WSCALM)
M a x im um  m ix i n g  h e i g h t  (m )
(X M A X Z I)
M in im u m  m ix i n g  h e i g h t  (m )
( X M IN Z I)
0 . 5 0 0 ,  0 . 5 0 0 ,  0 . 5 0 0 ,  0 . 5 0 0 ,  0 . 5 0 0 ,  0 . 5 0 0 !  
0 . 2 0 0 ,  0 . 1 2 0 ,  0 . 0 8 0 ,  0 . 0 6 0 ,  0 . 0 3 0 ,  0 . 0 1 6 !
D e f a u l t :  0 . 0 , 0 . 0  ! C D IV  =  . 0 ,  . 0  I
D e f a u l t :  0 . 5
D e f a u l t :  3 0 0 0 .  ! XM AX ZI
D e f a u l t :  5 0 .
D e f a u l t  w in d  s p e e d  c l a s s e s  - -  
5  u p p e r  b o u n d s  ( m / s )  a r e  e n t e r e d ;  
t h e  6 t h  c l a s s  h a s  n o  u p p e r  l i m i t  
(W S C A T (5 ))  D e f a u l t
IS C  RURAL 1 . 5 4 ,  3 . 0 9 ,  5 . 1 4 ,  8 . 2 3 ,  1 0 , 8  ( 1 0 . 8 + )
W in d  S p e e d  C la s s  : 1 2  3  4  5  6
! WSCAT -  1 . 5 4 ,  3 . 0 9 ,  5 . 1 4 ,  8 . 2 3 ,  1 0 .8 0  !
D e f a u l t  w in d  s p e e d  p r o f i l e  p o w e r - la v  
e x p o n e n ts  f o r  s t a b i l i t i e s  1 - 6  
( P U 0 ( 6 ) )  D e f a u l t
IS C  RURAL 
IS C  URBAN
IS C  RURAL v a lu e s
. 0 7 ,  . 0 7 ,  . 1 0 ,  . 1 5 ,  . 3 5 ,  .5 5
. 1 5 ,  . 1 5 ,  . 2 0 ,  . 2 5 ,  . 3 0 ,  .3 0
S t a b i l i t y  C la s s  : A  B C D E F
! PLXO = 0 . 0 7 ,  0 . 0 7 ,  0 . 1 0 ,  0 . 1 5 ,  0 . 3 5 ,  0 . 5 5
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D e f a u l t  p o t e n t i a l  t e m p e r a t u r e  g r a d i e n t  
f o r  s t a b l e  c l a s s e s  E ,  F  ( d e g K /m )
( P T G 0 ( 2 ) )  D e f a u l t :  0 . 0 2 0 ,  0 . 0 3 5
! PTGO =  0 . 0 2 0 ,  0 . 0 3 5  !
D e f a u l t  p lu m e  p a t h  c o e f f i c i e n t s  f o r  
e a c h  s t a b i l i t y  c l a s s  ( u s e d  w h e n  o p t i o n  
f o r  p a r t i a l  p lu m e  h e i g h t  t e r r a i n  a d ju s t m e n t  
i s  s e l e c t e d  —  M C TA D J= 3)
( P P C ( 6 ) )  S t a b : A B C 0 E  F
; PPG : . 5 0 , . 5 0 , . 5 0 , . 5 0 , . 3 5 ,  . 3 5
! PPG * 0 . 5 0 , 0 . 5 0 , 0 . 5 0 , 0 . 5 0 , 0 . 3 5 ,  0 . 3 5
S l u g - t o - p u f f  t r a n s i t i o n  c r i t e r i o n  f a c t o r  
e q u a l  t o  s i g m a - y / l e n g t h  o f  s l u g
(S L 2 P F )  D e f a u l t :  1 0 .
P u f f - s p l i t t i n g  c o n t r o l  v a r i a b l e s  
V E R T IC A L  S P L IT
! S L 2P F  =  1 0 . 0  !
N u m b e r o f  p u f f s  t h a t  r e s u l t  e v e r y  t i m e  a  p u f f  
i s  s p l i t  -  n s p l i t - 2  m e a n s  t h a t  1 p u f f  s p l i t s  
i n t o  2
(N S P L IT )  D e f a u l t  : 3 ! N S P L IT
T lm e ( s )  o f  a  d a y  w h e n  s p l i t  p u f f s  a r e  e l i g i b l e  t o
b e  s p l i t  o n c e  a g a i n ;  t h i s  i s  t y p i c a l l y  s e t  o n c e
p e r  d a y ,  a r o u n d  s u n s e t  b e f o r e  n o c t u r n a l  s h e a r  d e v e l o p s .
2 4  v a lu e s  : 0  i s  m id n i g h t  ( 0 0 : 0 0 )  a n d  2 3  i s  11  PM ( 2 3 : 0 0 )
0 » d o  n o t  r e - s p l i t  I n e l i g i b l e  f o r  r e - s p l i t
( I R E S P L I T ( 2 4 ) )  D e f a u l t :  H o u r  1 7 =  1
! IR E S P L IT  =  0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 0 , 1 , 0 , 0 , 0 , 0 , 0 , 0  !
S p l i t  i s  a l l o w e d  o n l y  i f  l a s t  h o u r ’ s m ix i n g
h e i g h t  (m )  e x c e e d s  a  m in im u m  v a lu e
( Z IS P L IT )  D e f a u l t :  1 0 0 .
S p l i t  i s  a l l o w e d  o n l y  i f  r a t i o  o f  l a s t  h o u r ’ s 
m ix i n g  h t  t o  t h e  m a x im u m  m ix i n g  h t  e x p e r ie n c e d  
b y  t h e  p u f f  i s  l e s s  t h a n  a  m a x im u m  v a lu e  ( t h i s  
p o s tp o n e s  a  s p l i t  u n t i l  a  n o c t u r n a l  l a y e r  d e v e lo p s )  
(RO LDM AX) D e f a u l t :  0 . 2 5
! Z IS P L I T  =  1 0 0 . 0  !
H O R IZO N TAL S P L IT
N u m b e r o f  p u f f s  t h a t  r e s u l t  e v e r y  t i m e  a  p u f f  
i s  s p l i t  -  n s p l i t h = 5  m e a n s  t h a t  1 p u f f  s p l i t s  
i n t o  5
(N S P L IT H )  D e f a u l t :  5
M in im u m  s ig m a - y  ( G r i d  C e l l s  U n i t s )  o f  p u f f  
b e f o r e  i t  m a y  b e  s p l i t
(S Y S P L IT H )  D e f a u l t :  1 . 0
M in im u m  p u f f  e l o n g a t i o n  r a t e  ( S Y S P L IT H / h r )  d u e  t o
w in d  s h e a r ,  b e f o r e  i t  m a y  b e  s p l i t
(S H S P L IT H )  D e f a u l t :  2 .
M in im u m  c o n c e n t r a t i o n  ( g / m " 3 )  o f  e a c h
s p e c ie s  i n  p u f f  b e f o r e  i t  m a y  b e  s p l i t
E n t e r  a r r a y  o f  NSPEC v a l u e s ;  i f  a  s i n g l e  v a l u e  i s
e n t e r e d ,  i t  w i l l  b e  u s e d  f o r  A L L  s p e c ie s
(C N S P L IT H ) D e f a u l t :  l . O E - 0 7
! S Y S P L IT H  = 1 . 0  !
! S H S P L IT H  =  2 . 0
! C N S P L IT H  = l . O E - 0 7  !
I n t e g r a t i o n  c o n t r o l  v a r i a b l e s
F r a c t i o n a l  c o n v e r g e n c e  c r i t e r i o n  f o r  n u m e r i c a l  SLUG 
s a m p l in g  i n t e g r a t i o n
(E P S S LU G ) D e f a u l t :  l . O e - 0 4  ! EPSSLUG =  l . O E - 0 4  !
F r a c t i o n a l  c o n v e r g e n c e  c r i t e r i o n  f o r  n u m e r i c a l  AREA 
s o u r c e  i n t e g r a t i o n
(E P S A R E A ) D e f a u l t :  l . O e - 0 6  ! EPSAREA =  l . O E - 0 6
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T r a j e c t o r y  s t e p - l e n g t h  (m )  u s e d  f o r  n u m e r i c a l  r i s e  
i n t e g r a t i o n
(D S R IS E )  D e f a u l t :  1 . 0 ! D S R IS E  »  1 . 0  !
IN P U T  GROUPS: 1 3 a ,  1 3 b ,  1 3 c ,  1 3 d  —  P o i n t  s o u r c e  p a r a m e te r s
S u b g ro u p  ( I 3 a )
N u m b e r  o f  p o i n t  s o u r c e s  w i t h
p a r a m e t e r s  p r o v id e d  b e lo w  ( N P T l)  No d e f a u l t  ! N P T l =  11  !
U n i t s  u s e d  f o r  p o i n t  s o u r c e
e m is s io n s  b e lo w  ( IP T U )  D e f a u l t :  1 ! IP T U  =  1 !
1 =  g / s
2  » k g / h r
3  =  l b / h r
4  =  t o n s / y r
5  =  O d o u r  U n i t  *  m * * 3 / s  ( v o l .  f l u x  o f  o d o u r  c o m p o u n d )
6  =  O d o u r  U n i t  *  m * * 3 / m in
7  =  m e t r i c  t o n s / y r
N u m b e r o f  s o u r c e - s p e c i e s  
c o m b in a t io n s  w i t h  v a r i a b l e  
e m is s io n s  s c a l i n g  f a c t o r s  
p r o v id e d  b e lo w  i n  ( 1 3 d ) ( N S P T l)  D e f a u l t :  0  ! N S P T l *  0  !
N u m b e r  o f  p o i n t  s o u r c e s  w i t h  
v a r i a b l e  e m i s s i o n  p a r a m e te r s  
p r o v id e d  i n  e x t e r n a l  f i l e (N P T 2 )  No d e f a u l t  ! N PT2 =  0  !
( I f  N P T2 > 0 ,  t h e s e  p o i n t  
s o u r c e  e m is s io n s  a r e  r e a d  f r o m  
t h e  f i l e :  PTE M A R B .D A T)
S u b g ro u p  ( I 3 b )
P O IN T  SOURCE: CONSTANT DATA
S o u r c e  X UTM Y UTM S t a c k  
N o . C o o r d i n a t e  C o o r d in a t e  H e ig h t  
( k m )  ( k m )  (m )
E l e v a t i o n
(m )
S t a c k
D ia m e te r
(m )
E x i t
V e l .
( m / s )
E x i t  
T e m p , 
( d e g .  K )
B l d g .  E m is s io n  
D w a s h  R a te s
SRCNAM “  F LA R E  !
X = 5 2 0 . 0 ,  5 9 7 5 . 4 ,  6 9 . 5 , 5 9 0 . 0 , 1 . 2 7 , 2 0 . 0 , 1 2 7 3 . 0 , . 0 ,  1 . 2 E 0 2  !
FMFAC 1 . 0  ! !E N D !
2 SRCNAM =  FH2Q !
2 X » 5 2 0 . 0 ,  5 9 7 5 . 4 ,  1 6 . 2 , 5 9 0 . 0 , 1 . 2 2 , 8 . 1 , 6 9 5 . 0 , . 0 ,  3 . 6 E 0 0  !
2 FMFAC 1 . 0  ! !E N D !
3 SRCNAM =  FCCUR !
3 X = 5 2 0 . 0 ,  5 9 7 5 . 4 ,  3 8 . 4 , 5 9 0 . 0 , . 6 1 , 2 6 . 9 , 6 1 5 . 0 , . 0 , 2 . 0 2 E 0 1  !
3 FMFAC 1 . 0  ! !E N D !
4 SRCNAM =  N W IN I !
4 X *  5 2 0 . 2 5 ,  5 9 8 1 . 0 ,  6 1 . 1 , 5 9 6 . 0 , . 6 1 , 1 3 . 1 , 1 4 1 6 . 0 , . 0 ,  1 .8 E 0 1  !
4 FMFAC 1 . 0  ! (E N D !
5 SRCNAM *  N W IS 2 !
5 X «  5 2 0 . 2 5 .  5 9 8 1 . 0 ,  6 1 . 1 , 5 9 6 . 0 , . 9 1 . 6 . 5 , 1 0 4 4 . 0 , . 0 ,  7 . 0 E 0 0  !
5 FMFAC 1 . 0  ! 'E N D !
6 SRCNAM =  P G R B I !
6 X = 5 2 0 . 7 ,  5 9 7 4 . 6 ,  6 1 . 0 , 5 8 9 . 0 , 3 . 9 6 , 1 0 . 4 , 4 2 3 . 0 , . 0 , 3 . 0 E - 0 1  !
6 FMFAC 1 . 0  ! !E N D !
7 SRCNAM -  PGRB2 !
7 X = 5 2 0 . 7 ,  5 9 7 4 . 6 ,  6 1 . 0 , 5 8 9 . 0 , 2 . 0 1 , 1 7 . 9 , 4 4 3 . 0 , . 0 ,  9 . 7 E 0 0  !
7 FMFAC 1 . 0  i !E N D !
8 SRCNAM =  PGPB !
8 X = 5 2 0 . 7 ,  5 9 7 4 . 6 ,  5 6 . 1 , 5 8 9 . 0 , 2 . 1 8 , 1 8 . 5 , 4 3 8 . 0 , . 0 , 3 . 0 5 E 0 1  !
8 FMFAC 1 . 0  ! !E N D !
9 SRCNAM =  IP R B  !
9 X = 5 2 0 . 0 ,  5 9 7 4 . 8 ,  7 6 . 4 , 5 8 9 . 0 , 4 . 2 7 , 1 5 . 9 , 4 6 7 . 0 . . 0 ,  1 . 4 E 0 0  !
9 FMFAC 1 . 0  ! !E N D !
10 SRCNAM =  IP P B  !
10 X = 5 2 0 . 0 ,  5 9 7 4 . 8 ,  7 6 . 4 , 5 8 9 . 0 , 4 . 2 7 , 1 5 . 9 , 4 5 2 . 0 , . 0 , 3 . 3 9 E 0 1  !
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1 0  ! FMFAC s  1 . 0  ! !E N D !
11  ! SRCNAM = SAP !
11  ! X  =  5 1 7 . 6 ,  5 9 6 6 . 0 ,  3 0 . 4 ,  5 9 2 . 0 ,  1 . 2 ,  8 . 0 ,  3 3 0 . 0 ,  .0 ,7 . 1 2 E 0 O
11  ! FMFAC *  1 . 0  ! I END!
D a ta  f o r  e a c h  s o u r c e  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
SRCNAM i s  a  1 2 - c h a r a c t e r  nam e f o r  a  s o u r c e  
(N o  d e f a u l t )
X i s  a n  a r r a y  h o l d i n g  t h e  s o u r c e  d a t a  l i s t e d  b y  t h e  c o lu m n  h e a d in g s
(N o  d e f a u l t )
S IG Y Z I  i s  a n  a r r a y  h o l d i n g  t h e  i n i t i a l  s ig m a - y  a n d  s ig m a - z  (m )
( D e f a u l t :  0 . , 0 . )
FMFAC i s  a  v e r t i c a l  m o m e n tu m  f l u x  f a c t o r  ( 0 .  o r  1 . 0 )  u s e d  t o  r e p r e s e n t  
t h e  e f f e c t  o f  r a i n - c a p s  o r  o t h e r  p h y s i c a l  c o n f i g u r a t i o n s  t h a t  
r e d u c e  m o m e n tu m  r i s e  a s s o c i a t e d  w i t h  t h e  a c t u a l  e x i t  v e l o c i t y .  
( D e f a u l t :  1 . 0  —  f u l l  m o m en tum  u s e d )
b
0 .  ~ N o b u i l d i n g  d o w n w a s h  m o d e le d ,  1 .  =  d o w n w a s h  m o d e le d
N OTE: m u s t  b e  e n t e r e d  a s  a  R EAL n u m b e r  ( i . e . , w i t h  d e c im a l  p o i n t )
A n  e m i s s i o n  r a t e  m u s t  b e  e n t e r e d  f o r  e v e r y  p o l l u t a n t  m o d e le d .  
E n t e r  e m i s s i o n  r a t e  o f  z e r o  f o r  s e c o n d a r y  p o l l u t a n t s  t h a t  a r e  
m o d e le d ,  b u t  n o t  e m i t t e d .  U n i t s  a r e  s p e c i f i e d  b y  IP T U  
( e . g .  1 f o r  g / s ) .
S u b g r o u p  ( 1 3 c )
B U IL D IN G  D IM E N S IO N  DATA FOR SOURCES SU BJE C T TO DOWNWASH
S o u r c e  a
N o . E f f e c t i v e  b u i l d i n g  w i d t h  em d h e i g h t  ( i n  m e t e r s )  e v e r y  1 0  d e g r e e s
E a c h  p a i r  o f  w i d t h  a n d  h e i g h t  v a l u e s  i s  t r e a t e d  a s  a  s e p a r a t e  i n p u t  
s u b g r o u p  a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
S u b g ro u p  ( 1 3 d )
P O IN T  SOURCE: V A R IA B L E  E M IS S IO N S  DATA
U se  t h i s  s u b g r o u p  t o  d e s c r ib e  t e m p o r a l  v a r i a t i o n s  i n  t h e  e m i s s i o n  
r a t e s  g i v e n  i n  1 3 b .  F a c t o r s  e n t e r e d  m u l t i p l y  t h e  r a t e s  i n  1 3 b .
S k ip  s o u r c e s  h e r e  t h a t  h a v e  c o n s t a n t  e m i s s i o n s .  F o r  m o re  e l a b o r a t e  
v a r i a t i o n  i n  s o u r c e  p a r a m e t e r s ,  u s e  PTE M A R B .D AT  a n d  N PT2 > 0 .
IV A R Y  d e t e r m in e s  t h e  t y p e  o f  v a r i a t i o n ,  a n d  i s  s o u r c e - s p e c i f i c :  
( IV A R Y )  D e f a u l t :  0
0  = C o n s ta n t
1 = D i u r n a l  c y c l e  ( 2 4  s c a l i n g  f a c t o r s :  h o u r s  1 - 2 4 )
2  » M o n t h ly  c y c l e  ( 1 2  s c a l i n g  f a c t o r s :  m o n th s  1 - 1 2 )
3  =  H o u r  ft S e a s o n  ( 4  g r o u p s  o f  2 4  h o u r l y  s c a l i n g  f a c t o r s ,
w h e re  f i r s t  g r o u p  i s  D E C -J A N -F E B )
4  =  S p e e d  ft S t a b .  ( 6  g r o u p s  o f  6  s c a l i n g  f a c t o r s ,  w h e re
f i r s t  g r o u p  i s  S t a b i l i t y  C la s s  A , 
a n d  t h e  s p e e d  c l a s s e s  h a v e  u p p e r  
b o u n d s  ( m / s )  d e f i n e d  i n  G r o u p  12
5  =  T e m p e r a tu r e  ( 1 2  s c a l i n g  f a c t o r s ,  w h e re  t e m p e r a t u r e
c l a s s e s  h a v e  u p p e r  b o u n d s  (C ) o f :
0 ,  5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  3 0 ,  3 5 ,  4 0 ,
4 5 ,  5 0 ,  5 0 + )
D a ta  f o r  e a c h  s p e c ie s  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
IN P U T  GROUPS: 1 4 a ,  1 4 b ,  1 4 c ,  1 4 d  —  A r e a  s o u r c e  p a r a m e te r s
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S u b g ro u p  ( 1 4 a )
N u m b e r o f  p o l y g o n  a r e a  s o u r c e s  w i t h
p a r a m e t e r s  s p e c i f i e d  b e lo w  ( N A R l)  No d e f a u l t  ! N A R l -  0
U n i t s  u s e d  f o r  a r e a  s o u r c e
e m is s io n s  b e lo w  ( lA R U )  D e f a u l t :  1 ! lA R U  =  1
1 *  g / m * * 2 / s
2  = k g / m * * 2 / h r
3  =  l b / m * * 2 / h r
4  =  t o n s / m * * 2 / y r
5  *  O d o u r  U n i t  *  m /s  ( v o l .  f l u x / m * * 2  o f  o d o u r  c o m p o u n d )
6  =  O d o u r  U n i t  *  m /m in
7  *  m e t r i c  t o n s / m * * 2 / y r
N u m b e r o f  s o u r c e - s p e c i e s  
c o m b in a t io n s  w i t h  v a r i a b l e  
e m is s io n s  s c a l i n g  f a c t o r s
p r o v id e d  b e lo w  i n  ( 1 4 d )  ( N S A R l)  D e f a u l t :  0  ! N S A R l =  0  !
N u m b e r o f  b u o y a n t  p o ly g o n  a r e a  s o u r c e s  
w i t h  v a r i a b l e  l o c a t i o n  a n d  e m is s io n
p a r a m e t e r s  (N A R 2 ) No d e f a u l t  ! NAR2 =  0  !
( I f  NAR2 > 0 ,  A L L  p a r a m e t e r  d a t a  f o r
t h e s e  s o u r c e s  a r e  r e a d  f r o m  t h e  f i l e :  B A EM AR B.D Â T)
S u b g ro u p  ( 1 4 b )
AREA SOURCE: CONSTANT DATA
b
S o u r c e  E f f e c t .  B a s e  I n i t i a l  E m is s io n
N o . H e i g h t  E l e v a t i o n  S ig m a  z  R a te s
(m )  (m ) (m )
D a ta  f o r  e a c h  s o u r c e  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
b
A n  e m i s s i o n  r a t e  m u s t  b e  e n t e r e d  f o r  e v e r y  p o l l u t a n t  m o d e le d .  
E n t e r  e m i s s i o n  r a t e  o f  z e r o  f o r  s e c o n d a r y  p o l l u t a n t s  t h a t  a r e  
m o d e le d ,  b u t  n o t  e m i t t e d .  U n i t s  a r e  s p e c i f i e d  b y  lA R U  
( e . g .  1 f o r  g / m * * 2 / s ) .
S u b g ro u p  ( 1 4 c )
COORDINATES (U T M -k m ) FOR EACH V E R T E X (4 ) OF EACH POLYGON
S o u r c e  a
N o . O r d e r e d  l i s t  o f  X  f o l l o w e d  b y  l i s t  o f  Y ,  g r o u p e d  b y  s o u r c e
D a ta  f o r  e a c h  s o u r c e  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
S u b g ro u p  ( I 4 d )
AREA SOURCE: V A R IA B L E  E M IS S IO N S  DATA
U se  t h i s  s u b g r o u p  t o  d e s c r ib e  t e m p o r a l  v a r i a t i o n s  i n  t h e  e m is s io n  
r a t e s  g i v e n  i n  1 4 b . F a c t o r s  e n t e r e d  m u l t i p l y  t h e  r a t e s  i n  1 4 b .
S k ip  s o u r c e s  h e r e  t h a t  h a v e  c o n s t a n t  e m i s s i o n s . F o r  m o re  e l a b o r a t e  
v a r i a t i o n  i n  s o u r c e  p a r a m e t e r s ,  u s e  BA EM AR B.D A T a n d  NAR2 > 0 ,
IV A R Y  d e t e r m in e s  t h e  t y p e  o f  v a r i a t i o n ,  a n d  i s  s o u r c e - s p e c i f i c :  
( IV A R Y )  D e f a u l t  : 0
0  = C o n s t a n t
1 = D i u r n a l  c y c l e  ( 2 4  s c a l i n g  f a c t o r s :  h o u r s  1 - 2 4 )
2  =  M o n t h ly  c y c l e  ( 1 2  s c a l i n g  f a c t o r s :  m o n th s  1 - 1 2 )
3  =  H o u r  &  S e a s o n  ( 4  g r o u p s  o f  2 4  h o u r l y  s c a l i n g  f a c t o r s ,
w h e re  f i r s t  g r o u p  i s  D E C -J A N -F E B )
4  = S p e e d  & S t a b .  ( 6  g r o u p s  o f  6  s c a l i n g  f a c t o r s ,  w h e re
f i r s t  g r o u p  i s  S t a b i l i t y  C la s s  A , 
a n d  t h e  s p e e d  c l a s s e s  h a v e  u p p e r  
b o u n d s  ( m / s )  d e f i n e d  i n  G ro u p  12
5  *  T e m p e r a tu r e  ( 1 2  s c a l i n g  f a c t o r s ,  w h e re  t e m p e r a t u r e
c l a s s e s  h a v e  u p p e r  b o u n d s  ( C )  o f ;
0 ,  5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  3 0 ,  3 5 ,  4 0 ,
4 5 ,  5 0 ,  5 0 + )
D a ta  f o r  e a c h  s p e c ie s  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
IN P U T  GROUPS: 1 5 a ,  1 5 b ,  1 5 c  —  L i n e  s o u r c e  p a r a m e te r s
S u b g ro u p  ( 1 5 a )
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N u m b e r  o f  b u o y a n t  l i n e  s o u r c e s  
w i t h  v a r i a b l e  l o c a t i o n  a n d  e m is s io n  
p a r a m e t e r s  (N L N 2 ) No d e f a u l t
D e f a u l t  : 1
( I f  N LN 2 > 0 ,  A L L  p a r a m e t e r  d a t a  f o r  
t h e s e  s o u r c e s  a r e  r e a d  f r o m  t h e  f i l e :  LN E M A R B .D A T)
N u m b e r o f  b u o y a n t  l i n e  s o u r c e s  (N L IN E S )  No de
U n i t s  u s e d  f o r  l i n e  s o u r c e  
e m is s io n s  b e lo w  ( IL N U )
1 =  g / s
2  *  k g / h r
3  »  l b / h r
4  = t o n s / y r
5  «  O d o u r  U n i t  *  m * * 3 / s  ( v o l .  f l u x  o f  o d o u r  c o m p o u n d )
6  ® O d o u r  U n i t  *  m * * 3 / m in
7  a  m e t r i c  t o n s / y r
N u m b e r o f  s o u r c e - s p e c i e s  
c o m b in a t io n s  w i t h  v a r i a b l e  
e m is s io n s  s c a l i n g  f a c t o r s  
p r o v id e d  b e lo w  i n  ( 1 5 c ) ( N S L N l)  D e f a u l t :  0  ! N S L N l
M a x im um  n u m b e r  o f  s e g m e n ts  u s e d  t o  m o d e l 
e a c h  l i n e  (MXNSEG) D e f a u l t :  7  ! MXNSEG = 7
T h e  f o l l o w i n g  v a r i a b l e s  a r e  r e q u i r e d  o n l y  i f  N L IN E S  > 0 .  T h e y  a r e  
u s e d  i n  t h e  b u o y a n t  l i n e  s o u r c e  p lu m e  r i s e  c a l c u l a t i o n s .
N u m b e r o f  d i s t a n c e s  a t  w h ic h  
t r a n s i t i o n a l  r i s e  i s  c o m p u te d
A v e r a g e  b u i l d i n g  l e n g t h  ( X L )  
A v e r a g e  b u i l d i n g  h e i g h t  (H B L ) 
A v e r a g e  b u i l d i n g  w i d t h  (W B L) 
A v e r a g e  l i n e  s o u r c e  w i d t h  (WML)
N o d e f a u l t  
( i n  m e t e r s )
N o d e f a u l t  
( i n  m e te r s )
No d e f a u l t  
( i n  m e t e r s )
N o d e f a u l t  
( i n  m e te r s )
A v e r a g e  s e p a r a t i o n  b e tw e e n  b u i l d i n g s  (D X L )  No d e f a u l t
( i n  m e t e r s )
A v e r a g e  b u o y a n c y  p a r a m e t e r  (F P R IM E L ) No d e f a u l t  ! F P R IM E L =  . 0  ! 
( i n  m * * 4 / s * $ 3 )
S u b g ro u p  ( 1 5 b )
BUOYANT L IN E  SOURCE: CONSTANT DATA
B e g . X B e g . Y
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N o . C o o r d in a t e  C o o r d i n a t e  C o o r d in a t e  C o o r d in a t e  H e ig h t  E l e v a t i o n
(k m )  ( k m )  ( k m )  ( k m )  (ra ) (m )
D a ta  f o r  e a c h  s o u r c e  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
A n  e m i s s i o n  r a t e  m u s t  b e  e n t e r e d  f o r  e v e r y  p o l l u t a n t  m o d e le d .  
E n t e r  e m i s s i o n  r a t e  o f  z e r o  f o r  s e c o n d a r y  p o l l u t a n t s  t h a t  a r e  
m o d e le d ,  b u t  n o t  e m i t t e d .  U n i t s  a r e  s p e c i f i e d  b y  IL N T U  
( e . g .  1 f o r  g / s ) .
S u b g ro u p  ( 1 5 c )
BUOYANT L IN E  SOURCE: V A R IA B L E  E M IS S IO N S  DATA
U s e  t h i s  s u b g r o u p  t o  d e s c r ib e  t e m p o r a l  v a r i a t i o n s  i n  t h e  a m is s io n  
r a t e s  g i v e n  i n  1 5 b .  F a c t o r s  e n t e r e d  m u l t i p l y  t h e  r a t e s  i n  1 5 b .
S k ip  s o u r c e s  h e r e  t h a t  h a v e  c o n s t a n t  e m is s io n s .
IV A R Y  d e t e r m in e s  t h e  t y p e  o f  v a r i a t i o n ,  a n d  i s  s o u r c e - s p e c i f i c :
( IV A R Y )  D e f a u l t :  0
0  *  C o n s t a n t
1 =  D i u r n a l  c y c l e  ( 2 4  s c a l i n g  f a c t o r s :  h o u r s  1 - 2 4 )
2  *  M o n t h ly  c y c l e  ( 1 2  s c a l i n g  f a c t o r s :  m o n th s  1 - 1 2 )
3  = H o u r  f t  S e a s o n  ( 4  g r o u p s  o f  2 4  h o u r l y  s c a l i n g  f a c t o r s ,
w h e re  f i r s t  g r o u p  i s  D E C -J A N -F E B )
4  =  S p e e d  f t  S t a b .  ( 6  g r o u p s  o f  6  s c a l i n g  f a c t o r s ,  w h e re
f i r s t  g r o u p  i s  S t a b i l i t y  C la s s  A , 
a n d  t h e  s p e e d  c l a s s e s  h a v e  u p p e r  
b o u n d s  ( m / s )  d e f i n e d  i n  G r o u p  12
5  -  T e m p e r a tu r e  ( 1 2  s c a l i n g  f a c t o r s ,  w h e re  t e m p e r a t u r e
c l a s s e s  h a v e  u p p e r  b o u n d s  (C )  o f :
0 ,  5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  3 0 ,  3 5 ,  4 0 ,
4 5 ,  5 0 ,  5 0 + )
D a ta  f o r  e a c h  s p e c ie s  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
IN P U T  GROUPS: 1 6 a ,  1 6 b ,  1 6 c  - -  V o lu m e  s o u r c e  p a r a m e te r s
S u b g ro u p  ( 1 6 a )
N u m b e r o f  v o lu m e  s o u r c e s  w i t h  
p a r a m e te r s  p r o v id e d  i n  1 6 b , c  ( N V L l )
U n i t s  u s e d  f o r  v o lu m e  s o u r c e  
e m is s io n s  b e lo w  i n  1 6 b  ( IV L U )
1 = g / s
2  = k g / h r
3  = l b / h r
4  = t o n s / y r
5  = O d o u r  U n i t  *  m * * 3 / s  ( v o l
6  * O d o u r  U n i t  •  m * * 3 / m in
7  = m e t r i c  t o n s / y r
N u m b e r  o f  s o u r c e - s p e c i e s  
c o m b in a t io n s  w i t h  v a r i a b l e  
e m is s io n s  s c a l i n g  f a c t o r s
p r o v id e d  b e lo w  i n  ( 1 6 c )  ( N S V L l)  D e f a u l t :  0  ! N S V L l = 0  !
N u m b e r o f  v o lu m e  s o u r c e s  w i t h  
v a r i a b l e  l o c a t i o n  a n d  e m i s s i o n
p a r a m e te r s  (N V L 2 )  No d e f a u l t  ! N V L 2  -  0  !
( I f  N V L2 > 0 ,  A L L  p a r a m e t e r  d a t a  f o r  
t h e s e  s o u r c e s  a r e  r e a d  f r o m  t h e  VO LEM AR B .D AT f i l e ( s )  )
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S u b g ro u p  ( 1 6 b )
VOLUME SOURCE: CONSTANT DATA
X UTM Y UTM E f f e c t .  B a s e  I n i t i a l  I n i t i a l  E m is s io n
C o o r d in a t e  C o o r d in a t e  H e ig h t  E l e v a t i o n  S ig m a  y  S ig m a  z  R a te s  
( k m )  ( k m )  (m )  (m ) (ra ) (m )
D a ta  f o r  e a c h  s o u r c e  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
b
A n  e m i s s i o n  r a t e  m u s t  b e  e n t e r e d  f o r  e v e r y  p o l l u t a n t  m o d e le d .  
E n t e r  e m i s s i o n  r a t e  o f  z e r o  f o r  s e c o n d a r y  p o l l u t a n t s  t h a t  a r e  
m o d e le d ,  b u t  n o t  e m i t t e d .  U n i t s  a r e  s p e c i f i e d  b y  IV L U  
( e . g .  1 f o r  g / s ) .
S u b g ro u p  ( 1 6 c )
VOLUME SOURCE: V A R IA B L E  E M IS S IO N S  DATA
U se  t h i s  s u b g r o u p  t o  d e s c r ib e  t e m p o r a l  v a r i a t i o n s  i n  t h e  e m is s io n  
r a t e s  g i v e n  i n  1 6 b .  F a c t o r s  e n t e r e d  m u l t i p l y  t h e  r a t e s  i n  1 6 b .
S k ip  s o u r c e s  h e r e  t h a t  h a v e  c o n s t a n t  e m i s s i o n s .  F o r  m o re  e l a b o r a t e  
v a r i a t i o n  i n  s o u r c e  p a r a m e t e r s ,  u s e  VO LEM AR B .D AT a n d  N V L2 > 0 .
IV A R Y  d e t e r m in e s  t h e  t y p e  o f  v a r i a t i o n ,  a n d  i s  s o u r c e - s p e c i f i c :  
( IV A R Y )  D e f a u l t :  0
0  -  C o n s ta n t
1 -  D i u r n a l  c y c l e  ( 2 4  s c a l i n g  f a c t o r s :  h o u r s  1 - 2 4 )
2  =  M o n t h ly  c y c l e  ( 1 2  s c a l i n g  f a c t o r s :  m o n th s  1 - 1 2 )
3  = H o u r  & S e a s o n  ( 4  g r o u p s  o f  2 4  h o u r l y  s c a l i n g  f a c t o r s ,
w h e re  f i r s t  g r o u p  i s  D E C -J A N -F E B )
4  =  S p e e d  k  S t a b .  ( 6  g r o u p s  o f  6  s c a l i n g  f a c t o r s ,  w h e re
f i r s t  g r o u p  i s  S t a b i l i t y  C la s s  A ,  
a n d  t h e  s p e e d  c l a s s e s  h a v e  u p p e r  
b o u n d s  ( m / s )  d e f i n e d  i n  G r o u p  12
5  -  T e m p e r a tu r e  ( 1 2  s c a l i n g  f a c t o r s ,  w h e re  t e m p e r a t u r e
c l a s s e s  h a v e  u p p e r  b o u n d s  (C )  o f ;
0 ,  5 ,  1 0 ,  1 5 ,  2 0 ,  2 5 ,  3 0 ,  3 5 ,  4 0 ,
4 5 ,  5 0 ,  5 0 + )
D a ta  f o r  e a c h  s p e c ie s  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
IN P U T  GROUPS: 1 7 a  6  1 7 b  —  N o n - g r id d e d  ( d i s c r e t e )  r e c e p t o r  i n f o r m a t i o n
S u b g r o u p  ( 1 7 a )
N u m b e r  o f  n o n - g r i d d e d  r e c e p t o r s  (N R E C ) No d e f a u l t  ! NREC -  10
S u b g r o u p  ( 1 7 b )
N O N -G RIDD E D  (D IS C R E T E ) RECEPTOR DATA
X UTM Y UTM G r o u n d  H e ig h t  b
R e c e p t o r  C o o r d i n a t e  C o o r d in a t e  E l e v a t i o n  A b o v e  G r o u n d
N o . ( k m )  ( k m )  (m ) (m )
1 ! X *  5 1 7 . 0 ,  5 9 7 3 .9 7 5 ,  5 7 0 . 0 0 0 ,  3 0 . 0 0 0 !  'E N D !
2  ! X »  5 1 9 . 1 6 3 ,  5 9 7 3 .3 6 2 ,  6 2 5 . 0 0 0 ,  1 0 . 0 0 0 !  lE N D !
3  ! X =  5 1 5 . 6 2 1 ,  5 9 6 7 .7 8 6 ,  6 2 0 . 0 0 0 ,  1 0 . 0 0 0 !  lE N D I
4  ! X =  5 1 9 . 4 3 7 ,  5 9 7 2 . 6 8 ,  7 2 0 . 0 0 0 ,  1 0 . 0 0 0 !  lE N D !
5  I X *  5 1 7 . 5 ,  5 9 7 4 . 5 ,  5 7 0 . 0 0 0 ,  3 0 . 0 0 0 !  !E N D !
6  ! X = 5 1 7 . 0 ,  5 9 7 4 . 5 ,  5 7 0 . 0 0 0 ,  3 0 . 0 0 0 !  !E N D !
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7  !! X = 5 1 6 . 5 , 5 9 7 4 . 0 , 5 7 0 . 0 0 0 , 3 0 . 0 0 0 ! !E N D !
8  ! X = 5 1 6 . 5 , 5 9 7 4 . 5 , 5 7 0 . 0 0 0 , 3 0 . 0 0 0 ! !END !
9  ! X = 5 1 6 . 5 , 5 9 7 3 . 5 , 5 7 0 . 0 0 0 , 3 0 . 0 0 0 ! !E N D '
1 0  '! X = 5 1 7 . 5 , 5 9 7 3 . 5 , 5 7 0 . 0 0 0 , 3 0 . 0 0 0 ! !E N D '
D a ta  f o r  e a c h  r e c e p t o r  a r e  t r e a t e d  a s  a  s e p a r a t e  i n p u t  s u b g r o u p  
a n d  t h e r e f o r e  m u s t  e n d  w i t h  a n  i n p u t  g r o u p  t e r m i n a t o r .
b
R e c e p t o r  h e i g h t  a b o v e  g r o u n d  i s  o p t i o n a l .  I f  n o  v a l u e  i s  e n t e r e d ,  
t h e  r e c e p t o r  i s  p l a c e d  o n  t h e  g r o u n d .
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A ir Q uality  E p isod e A period of time during which a pollutant concentration 
exceeds a level considered safe.
A lb ed o  (solar) Reflectivity of a surface.
A Q M  Air Quality Model.
B ound ary Layer The bottom  layer of the atmosphere th a t experiences the direct 
effects of the E a rth ’s surface. It ranges from as shallow as 100 m on a calm, 
cold night to a depth of 1 km or more in a warm, daytime situation.
C A L M E T  California Meteorology model. A meteorological model th a t develops
hourly wind and tem perature fields on a three-dimensional gridded modelling 
domain, along with associated two-dimensional fields.
C A L P U F F  California Puff model. A transport and dispersion model th a t advects 
‘pnffs’ of m aterial em itted from modelled sources.
C T D M  Complex Terrain Dispersion Model.
D eterm in istic  Interpolates or extrapolates from a dataset nsing empirical 
constructs.
D isp ersion  M odel A com puter model th a t predicts pollutant concentrations by 
nsing emission and meteorological data.
F um igation  A process where pollutants at higher elevations are brought down to 
the surface when daytime heating removes the inversion layer and causes 
mixing.
G aussian P lu m e M od el A dispersion model th a t treats effluent as a continuous 
plume th a t is governed by Gaussian statistics.
GLC Ground Level Concentration.
G rid C ell A volume of surrounding air th a t contains averaged values. Many grid 
cells together make up a modelling domain.
Inversion  A layer of warmer air above a cooler one, suppressing vertical motion 
within the cool layer.
ISC  Industrial Source Complex. A Gaussian Plume dispersion model.
K atab atic  W in d  Any wind blowing downslope. Usually cold.
Lapse R a te  The rate at which an atmospheric variable (usually tem perature) 
decreases with height.
M esoscale M od el An atmospheric computer model able to resolve circulations 
from roughly 100 m to 1 000 km in scale.
M eteorolog ica l M od el A computer model th a t constructs fields of wind, 
tem perature, humidity etc. using meteorological data.
M M 5 Mesoscale Model 5.
M R E  Mean Relative Error.
N C E P  National Centers for Environmental Prediction. A source of the gridded 
meteorological fields used to initialize a mesoscale model.
N u m erica l In sta b ility  Describes a situation where a numerical solution produced 
by a prognostic compnter model rapidly diverges from the true solution.
P rogn ostic  (A computer model) able to predict a future state  of a variable or 
variables.
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R adioson d e An instrum ent attached to a balloon th a t measures and transm its 
values of pressure, tem perature and humidity as it ascends through the 
atmosphere. Tracking the motion of the sonde allows determ ination of the 
horizontal wind.
R A M S Regional Atmospheric Modeling System.
R egu la tory  M odel A (dispersion) model th a t is accepted by a governing body 
and is used to make planning decisions.
R M S V E  Root Mean Square Vector Error.
Soil H eat F lu x  The rate of the sum of energy contributions from the soil to  the air 
above.
Surface R ou gh n ess A value to represent the drag a type of surface or vegetation 
has on the wind.
V egeta tion  L eaf A rea Index A value to represent the effect a type of vegetation 
has on energy and moisture budgets.
W ind rose diagram  A wind diagram th a t shows wind direction and the frequency 
th a t the wind was from th a t direction for a location. W ind speed is also 
indicated.
